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Abstract 
Ginseng (Panax ginseng) is the most renowned herb and has been used for 
over 2000 years in traditional Chinese Medicine. American ginseng (P. 
quinquefolius) has cultivated in Northern America for over 100 years and has become 
a popular health food. Fresh, dried and processed products of the two Panax species 
are available on the market. However, their authenticity is not always guaranteed and 
adulterants introduced by dishonor merchants have posed a threat to public health as 
these two roots have different pharmacological effects. 
Our laboratory has been applying various DNA fingerprinting technologies to 
analyze Chinese herbal materials for authentication and phylogenetic studies. In this 
thesis, amplified fragment length polymorphism (AFLP) and direct amplification of 
length polymorphism (DALP) are adapted to authenticate the two ginsengs and detect 
the genetic difference of samples from different farms in China, Korea and Northern 
America. The polymorphic bands are sequenced and converted into PCR-based 
diagnostic markers to develop fast-screen methods for identification Panax species 
and their adulterants. The results showed that (1) the two Panax species have 
distinctive AFLP and DALP fingerprints; (2) samples of R ginseng from different 
farms in China and Korea are almost identical in genetic composition and (3) P. 
quinquefolius from different farms of British Columbia and America appears to have 
heterogeneous genetic makeup. In addition, the marker conversion ofAFLP to 
direct amplification minisatellite region DNA (DAMD); DALP to sequence tagged 
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site (STS) and RAPD to sequence characterized amplification region (SCAR) can 


















AFLP amplified fragment length polymorphism 
AP-PCR arbitrarily-primed polymerase chain reaction 
ATP adenosine 5'-triphosphate 
bp base pair (s) 
DAF DNA amplified fragments 
DALP direct amplification of length poymorphisms 
CTAB cetyltrimethylammonium bromide 
dATP deoxyadenosine 5'-triphosphate 
dCTP deoxycytosine 5'-triphosphate 
dGTP deoxyguanosine 5'-triphosphate 
dNTP deoxynucleoside 5'-triphosphate 
dTTP deoxythymidine 5'-triphosphate 
ddATP Dideoxyriboadenosine triphosphate 
ddCTP Dideoxyribocytosine triphosphate 
ddGTP Dideoxyriboguanine triphosphate 
ddTTP Dideoxyribothymine triphosphate 
DNA deoxyribonucleic acids 
EtBr ethidum bromide 
EDTA ethylenediaminetetraacetic acid 
g gravity 
IPTG isopropyl p-D-thiogalactopyranoside 
kb kilobase (s) 
MAS marker-assisted selection 
mg milligram 
ml milliliter 
PAGE polyacrylamide gel electrophoresis 
PCR polymerase chain reaction 
PVP Polyvinylpyrrolidone 
RAPD random amplified polymorphic DNA 
rDNA ribosomal DNA 
RNA ribonucleic acid 
RNase ribonuclease 
RFLP restriction fragment length polymorphism 
SCAR sequence characterized amplified region 
SDS sodium dodecyl sulfate 
SSLP simple sequence length polymorphism 
SSR simple sequence repeat 
STS sequence tagged site 
TEMED N,N,N,N-tetramethyl ethylened diamine 
Tris tris [hydroxymethyl] aminomethane 
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1.1 History, cultivation and trade 
Panax ginseng (Ginseng) is the most highly recognized and valued herb in 
Chinese medicine. Ginseng was mentioned as early as 202 BC to 220 AD, the Qin and 
Han dynasties (Heffem, 1976). The Shen Nung Pharmacopoeia, complied in 456-538 
AD, stated "Ginseng is a tonic to the five viscera, quieting the animal spirits, stabilizing 
the soul, preventing fear, expelling the vicious energies, brightening the eye and 
improving vision, opening up the heart benefiting the understanding, and iftaken for 
some time will invigorate the body and prolong life." As wild ginsengs are hard to find 
now due to over-harvested, ginsengs had been cultivated to fulfill the demand. 
R quinquefolius (American ginseng), has been used by Indian tribes in America 
as a health food. In 1715, wild American ginseng was discovered in the Appalachian 
Mountains of Quebec by a Jesuit missionary priest. The root was first exported to China 
in 1717, and it soon becomes one ofCanadian,s most valuable agricultural commodities. 
Twenty-five cents per pound were paid to the diggers and the roots were sold for $5 per 
pound in China. By 1752 the traders were selling $100,000 worth of ginseng. 
Cultivation ofAmerican ginseng began sometime around the 1880's as wild roots 
become scarce. Nowadays, P. ginseng is cultivated in Northeastern China, Japan and 
Korea and R quinqusfolius is cultivated in Wisconsin, British Columbia and other parts 
of Canada. Although the agricultural technology is being progress, ginseng is still 
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difficult to cultivate, requiring almost constant attention during the growing season and 
considerable effort for the pest control. 
Differential methods ofpreparation lead to different commercial ginseng 
products: “dried ginseng", which is prepared by sun-drying the roots; “ white ginseng", 
prepared by drying the roots after removal of the outer layer of the bark and "red 
ginseng", prepared by steaming the root to give a red-brown appearance. Chemicai 
composition and pharmacological effects vary significantly in these different 
preparations. Although Hong Kong is not the main ginseng cultivation area, it takes an 
important role in import, distribution, processing and retail ofginseng (But et al., 1995; 
Evans, 1995). Over 80% ofAmerican ginseng grown in North America is shipped to 
Hong Kong as is much ofthe Ginseng from China and Korea. Then, these products are 
redistributed worldwide with major destinations being Taiwan, Japan, Malaysia, 
Singapore, and the U.S. In 1993, there were a total of3.4 million kg 0^S$200 million) of 
P. ginseng and P. quinquefolius imported (Trade Department ofHong Kong, 1993). 
Therefore, Hong Kong has become a major center for ginseng trade because of a strong 
herb industry, a large population of Chinese origin, its strategic location, and a strong 
finance and communication system. 
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1.2 Botany 
Ginseng, a deciduous perermial plant, belongs to the Panax genus in Araliaceae 
family. There are at least thirteen Panax species including P. ginseng, P. qumquefoUus, 
p. nologinseng, P. japonicus, P. japonicus major, P. trifolius, P. sinensis’ P. 
pseudoginseng, P. hipinnatifidus, P. stipuleanatus, P. wangianus, P. omeiensis and P. 
zingeherinsis. The first three species are commonly used in Chinese medicine. 
In nature, the ginseng plants grow on the slopes of ravines and shady, weil-
drained mountainous hardwood forests, usual very sparsely, seldom in-groups. Its life 
cycle is indicated in Figure 1.1 • Ginseng seeds have to pass through a long dormancy 
period, usually from eighteen months to two years, before seeds sprout. Each successive 
year, the plant produces increasingly larger leafstalks that dies back to the root and left a 
permanent scar on the neck (the structure between the root itself and the base oflhe stem) 
(Figure 1.2). Simultaneously, the root shrinks slightly into the ground. Until the third or 
fourth year, lhe plant become mature and can bear as many as five compound leaves on a 
single slalk. Il begins flowering. The flower stalk originates at the point where thc 
leaves come together at the apex ofthe stalk. The flowers are pale green color, and they 
occur in a round cluster known as an umbel. After flowing, lhe seeds are enclosed in 
bright red berries and disperse through eating by animals. 
The most valued part for the ginseng plant is the root. Il has been reported that 
ginseng root showed the greatest pharmacological effects because the highest amount of 
lhe active components (4%) (Chang and But. 1986). ginsenosides, are accumulated 
4 
(Table 1.1). In addition, ginseng contains many other compounds as well, depending on 
the growing condition and the age ofthe plant. 
Table 1.1. Total ginsenoside content in root of the common 
Panax s p e c i e s (adopted from Wang et al., 1982) 
Species Total Ginsenosides 
Panax ginseng (Asian Ginseng) 1.6%-4.4% 
Panax quinquefolius (American Ginseng) 4.3%-4.9% 
Panax notoginseng 8.2%-20.6% 
Panax japonica var. major ca. 9.34% 
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Figure 1.1. The life cycle of ginseng. A. Ginseng seeds germinate after undergoing 
18 to 20 months dormancy. B. The ginseng plants begin flowering after 3 
to 4 years and then form a red fruit cluster. C. Each berry contains averages 
2 seeds. D. The fresh roots are harvested for sale or for further processing. 
6 
^ ^ 一 F — 






C. . . ^ Rhizome 






Figure 1.2. Ginseng plant with fruit structure. (Adopted from Heffem, 1976) 
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1.3 Chemical Constituents and Pharmacological effects 
Ginseng is reputative for its therapeutic values. Since 1970's, scientists have 
isolated a range ofchemical components including ginsenosides, alkaloids, polypeptides 
and polysaccharides (Table 1.2) (Huo, 1977). The total fibers in ginseng ranged from 5.9 
o/o to 24.5 %. These include polysaccharides that shown to have immunological activities 
(Li et al., 1989) and radio-protective effects (Li and Lu, 1988); the polysaccharides 
panaxans A, B, C, D and E that are found to have hypoglycemic effects (Konn et al., 
1984) and the heteropolysaccharieds ginsenans S-lA and S-II A that are known to have 
immunological activities (Tomoda et al., 1993). The 5 % simple sugars in ginseng makes 
it taste sweet. Ginseng polypeptides show hypoglycemic properties (Wang et al., 1990a 
and 1990b). Ginsenosides are considered as the major active ingredient ofginseng. 
Different Panax species and different parts of the ginseng root have different ginsenoside 
contents and the contents vary in age. Recently, it has been reported that there are 28 
ginsenosides in different parts ofthe ginseng plant (Liu and Xia, 1992). Ginsenoside is 
also called saponin glycoside. Saponins are 4 ring steroid-like chemicals with attached 
sugar molecules and they make a foam when shaken in solution. According to the 
chemical structure, ginsenosides are subclassified into 3 groups (Chang and But, 1986): 
(1) Oleanolic acid triterpenoid Ro (Figure 1.3B). (2) Dammarenediol (^rotopanaxadiol) 
triterpenoid Ra, Rb，Rc, Rd and the Rs group. (3) Dammarenetriol (protopanoxatriol) 
triterpenoid Re, Rf and the Rh and Rg group (Figure 1.3A). The pharmacological effects 
of ginsenosides are reported to have a wide range of activities, including cardio-
8 
protective effects (Chen, 1991), inununodulatory effects and anti-fatigue effects (Singh et 
al, 1984), and hepato-protective effects (Hikino et al., 1985). 
9 
Table 12 Constituents of ginseng 
Triterpenoid glycosides 
(Xu and Xu, 1989; Wang, 1982) � 
Saponin glycosides (ginsenosides) 0.75-1% 
Steroid alcohols G.5o/o 
Beta-sitosterol 
Stigmasterol    
Total Fiber (Tomoda, 1993) 5.9-24.5% 
Soluble: pectin, starch, polysaccharides 
Insoluble: cellulose 
Heteropolysaccharieds: panaxans A, B, C, D and E; 
ginsenan S-lA and S-IIA 




D-glucose 0.5-l%  
Lipids (Choi, 1985) l.5-l.9%  
Vitamins (Chen, 1991) � 
A, B, B2, B12，C, E, biotin and niacin '^^ ^"^^  
















Peptide glycans (panaxans) 
Polypeptides RGPI, RGPII (Wu et al, 1991) 
Enzymes: adenylate cyclase, L-asparaginase (Chen, 
1991) � 
Amino Acids: arginine 1 • 1530o/o 




adenosine, pyroglutamic acid Trace  
Phenolic compounds Trace 
Maltol (Wei, 1982) 
Terpenes O.05o/o 
Acetylenic compounds ^>anaxynol, panaxydol, 
panaxytriol): cytotoxic(Matsunaga et al, 1995) 
Essential oil  
Miscellaneous compounds (Duke, 1989) Trace 
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Figure 1.3 Basic chemical structures of ginsenosides. 
Panel A is dammarenediol. It has 2 OH group at R1, R3 
position. Dammarenetriols with one additional OH at R4 
position. Panel B is oleanolic acid (Ro). 
(Adopted from Chen, 1991.) 
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1.4 Authentication of Chinese herbal materials 
Traditional Chinese medicine (TCM) has been used over five millennia in China 
for health healing and balancing. Nowadays, the use ofTraditional Chinese medicine 
becomes more popular. TCM emphasizes on multi-targets and integrated functions. In 
addition, the consumption ofTCM can help to restore and maintain natural balance ofthe 
body, which act prevents sickness. Therefore, the amount ofhealth-care products derived 
from TCM, used for complementary or an alternative sources ofhealth care are 
increasing. At present, more than 10,000 species of plants, animals and minerals have 
been found to have medicinal value and more than 10 % are originated in TCM. 
In Hong Kong, there have been incidences ofherbal poisoning. Mistaking a toxic 
herb Podophyllum hexandrum (Guijiu) as Gentiana rigescens (Longdancao) in 1989; the 
same plant as a substitute in the samples of Clematis species (Weilingxian) in 1995 and 
1996 (But et al., 1996) have led to serious neuropathy and encephalopathy after 
consumption. Also, four cases of drowsiness have been attributed to erroneous 
dispensing ofthe anticholinergic Yangjihua (flower of Datura meteP) as Lingxiaohua 
(flower ofCampsis grandiflora) (But, 1994). In Belgium, adulteration is responsible for 
an epidemic severe kidney damage (De Smet, 1992) where the herb Stephania tetrandra 
(Hanfangji) is substituted by the nephrotoxic Aristolochiafangchi (Guangfangji). It is 
not uncommon to find substitutions and adulterations by dishonor suppliers or retailers, 
thus seriously interfere with the therapeutic effects of CM and even pose a threat to 
public health. 
13 
Understanding the necessity to safeguard the public health and to have a healthy 
development ofherbal industry, the Government has started to make regulations. A 
Working Party on Chinese Medicine appointed by the Secretary ofHealth and Welfare 
was set up in 1989 to monitor the practice of traditional Chinese medicine in Hong Kong. 
The Party aims at the health education in the proper handling, processing and use of 
Chinese medicines, the drawing up a list of ‘potent herbs' (Appendix I) to facilitate 
control, and the introduction of regulation and registration for practitioners ofChinese 
medicine (Anonymous, 1991). Only qualified practitioners and dispensers are allowed to 
prescribe and handle these herbs. In addition, Hong Kong has become a center for 
scientific research into traditional Chinese medicine and cures (Evans, 1995). Many 
research centers, institutes or universities are now working on the quality control and 
authentication of CM. 
Traditional means for authentication of Chinese medicinal herbs mainly depends 
on morphological and histological characters. However, it may be difficult to identify the 
processed herbal materials in powder or shredded pieces. The advancement in both 




1.4.1 Morphological marker 
Morphological identification includes the inspection of organoleptic markers such 
as shape, color, texture and odor of the herbs. The method is the simplest and the most 
direct but the accuracy depends heavily on examiner's experience. The assessment of 
markers can be subtle and ambiguous. In addition, other factors also affect the 
organoleptic parameters of the herbs e.g. geographical environment, growth period and 
the storage condition of the herbs. 
American ginseng is 5 to 10 times more expensive than Ginseng. Therefore, it is 
not uncommon to find substitution with other cheaper products like white ginseng faking 
as American ginseng (Figure 1.4) and also find other herbal roots such as Phytolacca 
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Figure 1.4 Morphology ofdried R ginseng and P.quinquefolius. 
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Phytolacca acinosa Talnium paniculatum 
Figure 1.5 Phytolacca acinosa and Talnium paniculatum are common adulterants of P. 
ginseng. 
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1.4.2 Histological marker 
Histological techniques and microscopic examination are used to reveal the 
characteristics of cell structure and arrangement in root, stem and leaf, and cell 
components or tissues of a manufactured product. On the other hand, this method is 
simple and does not require sophisticated equipment. For example, in the differentiation 
of P. ginseng from Phytolacca acinosa (Figure 1.6), the internal structure of ginseng root 
follows the pattern ofthe root in most dicotyledons plants. From the outside inwards it 
contains ofaprotective periderm layer (skin), the phloem, cambium, xylem with vessels, 
fibers and the central pith. The main differences between them are the cortex with resin 
canals around the cambium layer (red arrow in Figure 1.6B), irregular gap in primary 
phloem (black arrow in Figure 1.6B) and rays bearing crystals of calcium oxalate in P. 
ginseng (Hu, 1976,1977; Kubo et al., 1980; Tani et aL, 1981) which is absent in 
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Figure 1.6 Histological analysis of P. ginseng and Phytolacca acinosa. A. The cross section of 
Phytolacca acinosa root. B. The cross section of R ginseng root. The structure 
characterization of ginseng are resin canals (red arrow) and irregular gap (black arrow). 
C. The cross section of cortex in P. ginseng, where is accumulated with calcium oxalate 
crystals which is absent in Phytolacca acinosa. 
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1.4.3 Chemical marker 
This method emphasizes on the analysis of chemical constituents. Characteristic 
compositions would be used for differentiation. Thin layer chromatography (TLC) and 
high liquid chromatography (HPLC) are well established methods, which have become 
routine procedures in the identification ofherbal materials (Figure 1.7 and 1.8). For 
example, in the HPLC analysis of Panax species, nine ginsenosides have been 
determined and distinguished by their ginsenoside contents. For P. ginseng, it only 
contains trace amount ofRb (red spot in Figure 1.8B). P. quinquefoius is absent ofRf 
(red spot in Figure 1.8C) and P. notoginseng is absent ofRo (red spot in Figure 1.8D). 
The HPLC analysis was also applied to test on seventeen brands of american ginseng teas 
and seven brands of ginseng eas avaliable in Hong Kong (Lang et al., 1993). Recently, 
capillary electrophoresis has been used to infer the botanical sources and to assess the 
quality ofEphedrae Herba (Liu et al 1993), Coptidis Rhizoma (Liu et al. 1994), Ginseng 
Radix (Chuang et al 1995) and Paeoniae Radix (Chuang et al 1996). Also, several mass 
spectral analyse of ginsenosides have been used. These included electron impact (EI) 
mass spectrometry (GC/MS) (Wang et al., 1999), field desorption ionization (FD) mass 
spectrometry (Schulten, 1982), 252Cf-plasma desorption (Elkin and Makhankov, 1993), 
liquid secondary ion mass spectrometry (Yanamoto et al., 1992), liquid chromatoraphy/ 
mass spectrometry (LC/MS) (Wang et al., 1999) and LCMS/MS (Wang et al., 1999). 
20 
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Nevertheless, there are limitations in the chemical analysis by which the level of 
the active components analyzed may be affected by physiological conditions, harvesting 
period and storage conditions. Moreover, it is difficult to delimit closely related species 
that may contain similar chemical components. In addition, the chemical method usually 
requires a relative large amount of samples for a proper analysis. Also, optimization of 
chemical components extraction is a crucial steps for successful and reproducible 
analysis and some of the instruments such as HPLC, capillary electrophoresis and mass 
spectrometry are expensive and may not be available in many analytical laboratories. 
21 
I 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
, ; 2 ; ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ g g ^ ^ i g 
I ?^^^^^^^^^^^^^^^^^^^^^^^H^^^^^^^^^^^^^^^^^^^ I^P 
^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ H ^ ^ H 
9 | ^ ^ ^ ^ H 
y;S^^^^^^^S^B^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^|^M 
，'^ i ^ ^ H E ^ ^ H ^ B ^ H I ^ I P I ^ I H H H ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ 
q ^ ^ a 冒漏 I • j f ^ m i ^ 
^ ¾ ^ ¾ ^ ¾ ¾ ¾ ¾ ¾ -ft^W"fci^. 
r w i K ^ . . M ; . M 臓 國 . . • ' 画 僅 . M . M M . J ^ ^ 1 
| f H t t t T O m 
9^^^^HHHH 
-^ttBBBHBHmjMMHBH^^^^^f^^^ 
^^^^R^^^^^^F^^^^^^^VT^^^^^S^^^^^@I^ ^^^^^^^^^R^^ESi^ ^HS^^^^^K. 
Figure 1.7 TLC analysis of ginsenosides in the root of R ginseng, R quinquefolius and 
P. notoginseng. Lanes 1 through 9 is P. ginseng with different treatments. 
Lane 1 and 2 are white ginseng. Lanes 3 through 9 are red ginseng. Lanes 10 
to 14 are P, quinquefolius. Lane 15 is P. notoginseng and lane 16 is 
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Figure 1.8 Reverse-phase HPLC analysis of ginsenosides in the root of P. ginseng, P. 
quinquefolius and P. notoginseng (Lang et al., 1993). Ginsenosides are 
indicated by 1. Rb, 2. Rb2, 3.Rbs, 4. Rc, 5. Rd, 6. Rf，7 and 8. Re+Rgi, 9, Ro. 
The red dot indicated in B, C and D are Rb3, Rfand Ro respectively. 
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1.4.4 Molecular markers 
Molecular markers are based on polymorphism found in proteins (protein marker) 
or DNA (DNA marker). They are used to analyze genetic diversity and relatedness 
between or within different species, populations, and individuals. Its application has 
greatly facilitate research in a variety of disciplines including taxonomy, phylogeny, 
ecology, genetics and plant breeding. A molecular marker should has the following 
properties (Weising et aL, 1995): (1) highly polymorphic behavior; (2) codominant 
inheritance, which allows the discrimination ofhomo- and heterozygotic states in diploid 
organisms; (3) frequent occurrence and even distribution throughout the genome; (4) 
selectively neutral behavior such as no pleiotropic effect; (5) easily accessible and can be 
readily assayed and (6) high reproducibility to allow easy exchange of data between 
laboratories. There are two types of molecular markers: protein and DNA-based markers. 
The latter can be further divided into sequencing-based markers, PCR-based marker and 
hybridization-based marker. 
1.4.4.1 Protein marker 
Protein polymorphism is based on electrophoretic analysis of allozyme or 
isozyme. Isozymes convert the same chemical substrates but are encoded by alleles at 
more than one gene loci. Isozymes may be active at different life stages or in different 
cell compartments. Allozymes are isozymes coded by the different allelic form of the 
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same gene. They are different in composition by one or more amino acids due to allelic 
differences. Since 1960's, isozyme data have been used for characterizing and 
identifying genotypes and varieties of crop plants and animals, for studying population 
genetics, for examining geographical patterns of variation, and for linkage mapping. 
Recently, the technique has successfiilly been used to differentiate Chinese medicinal 
materials as well. For instance, Epimedium diphyllum is identified from other species by 
comparing the isozymes of isocitrate dehydrogenase, glutamate dehydrogenase, 
phosphoglucose isomerase and phosphoglucomutase (Koga et al., 1991). P. quinquefolius 
and P. ginseng could be distinguished by electrophoresis ofFOD and ES (Sun et aL, 
1993) in addition to 6-phosphogluconate dehydrogenase, uridindiphosphate 
glucosepyrophosphorylase and glucosephosphate isomerase (Koren and Zhuravlev, 
1998). Ganoderma sinense has been shown to have a distant relation with other strains by 
estease isozymes analyses (Lan et aL, 1998). Their neutral phenotypes and codominance 
allows distinguish between homozygotes and heterozygotes. Furthermore, obtaining 
isozyme data is inexpensive, straightforward and isozyme polymorphism is generally 
reproducible. 
There is a definite limit to the isozyme polymorphisms, because on average only 
30% ofthe mutation in the DNA will lead to changes in amino acids yielding a difference 
in net charges and thereby changing the electrophoretic mobility of the enzyme 
(Crawford, 1990). Sometimes, null alleles are encountered in the studies of plant 
enzymes (Weeden and Wendel, 1990). A further limitation is that the temporal and 
spatial gene expression and environmental factors (Lan et al., 1998) can affect the 
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patterns ofisozyme. Also, protein is prone to degradation after harvesting and prolonged 
storage. 
1.4.4.2 DNA-based markers 
DNA-based markers utilize DNA fingerprints or sequences to reveal natural 
occurring polymorphism of organisms. The polymorphism is due to the base pair 
changes (including deletion, insertion, or substitution) within or outside restriction/ 
priming sites and/or the length difference of a nucleotide sequence element. The term 
‘DNA fingerprinting' was originally introduced by Alec Jefferys in 1985, to describe a 
method for the simultaneous detection of many highly variable DNA loci by 
hybridization of specific multilocus probes to electrophoretically separated restriction 
fragments. The technique soon gains broad application, targeting problems as diverse as 
forensic casework, monitoring cell line identity, and the analysis of genetic diversity in a 
population. At the end of the 1980's, DNA fingerprinting was used in plant research for 
the for identification of genotypes, strains and cultivars; patemity analysis; estimation of 
genetic relatedness and genome mapping. Recently, several DNA-based markers have 
been applied to authenticate Chinese medicinal materials. DNA markers can be 
classified into three broad types, namely PCR-based markers, hybridization-based 
markers and sequencing-based markers. 
2 6 
1.4.4.2.1 PCR-based markers 
Polymerase chain reaction (PCR) is a method for multiplication ofDNA 
fragments from genomic DNA. The amplification is attributed to the usage of a 
thermostable DNA polymerase and single-stranded polynucleotides primers that 
recognize and bind to the complementary DNA sequence on template DNA. The 
procedures start with high temperature (usually between 90 °C to 95 °C) that separates of 
double-stranded DNA into single-stranded template, followed by annealing of primers to 
the single-stranded templates. The annealing condition depends on the length and the GC 
content of the primers. The annealed primers are then extended by a thermostable DNA 
polymerase. Repeating the denaturation-annealing-extension cycle leads to an 
exponential accumulation ofDNA fragments of defined sequence. The amplified 
products then resolved by electrophoresis in either agarose or polyarylamide gels with 
detection by ethidium bromide (EtBr) staining, autoradiography (using isotope-labelled 
primer), or fluorescence (using fluorescence-labelled primer). The usual distance between 
the two priming sites (and hence the size of the amplified fragments) is between 100 bp 
and a few kb. 
Shortly after its introduction, many variants of the basic PCR strategy have been 
developed (reviewed by Innis et al., 1990) for the detection ofDNA polymorphism. 
These methods are random-primed PCR, simple sequence repeat (SSR), polymerase 
chain reaction fragment length polymorphism (PCR-RFLP), amplified fragment length 
polymorphism (AFLP) and direct amplification of length polymorphism (DALP). The 
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first three methods are reviewed at here and the last two methods, which are used in my 
work are discussed in details in Chapters 4 and 5 respectively. 
1.4.4.2.1.1 Random-primed PCR 
There are several approaches for random-primed PCR namely Random Amplified 
Polymorphic DNA (RAPD) (Williams, 1990), Arbitrarily Primed Polymerase Chain 
Reactions (AP-PCR) (Welsh, 1990), and DNA Amplification Fingerprinting (DAF) 
(Caetano-Anolles et al, 1991a,b). The main difference is the length ofprimer. RAPD 
uses a single primer of 10 nucleotides and AP-PCR uses approximately 20 nucleotides to 
amplify the template DNA. DAF uses generally 5 to 8 bases. The primer has an 
arbitrary sequence for template DNA amplification under reduced stringent conditions 
that can give rise to a finite amount ofDNA fragments and identified by gel 
electrophoresis. The origin of these fragments is unknown but they presumably contain 
DNA sequences complementary to the 3'end of the primer sequence. Variations in the 
degree ofthe homology, the length between the primer sites and changes in the secondary 
structure between or flanking the primers recognition sites generate molecular 
polymorphisms for different target DNA. 
The above methods overcome problems associated with RFLP and conventional 
PCR. By using the random-primed PCRs, no prior knowledge of the sample DNA is 
required and minute amount of DNA is sufficient to produce polymorphic patterns. They 
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provide a quick and easy approach to explore genetic polymorphisms. Sometimes, two 
primers are used. This pairwise combination of primers may enable the detection of more 
polymorphic markers. 
The application of random-primed PCR for authentication of Chinese medicinal 
materials has been reported, for examples, to study the genetic similarity of samples from 
Glycyrrhiza, (Yamazaki et al., 1994), Cannabis (Gillan et al, 1995; Jagadish et al, 1996; 
Shirota et al, 1998), Clematis (Zhang et al, 1996), Coptis (Cheng et al, 1997a), 
Indigofera (Zhang et al, 1997), Liriope (Wu et al, 1998), Anoectochilus (Cheng et al., 
1997b)，Perilla (Ito et al, 1998) and snakes (Wang and Zhou 1996; 1997; Wang et al, 
1996). Our group is one of the first to apply RAPD and AP-PCR to authenticate dried 
Chinese medicinal materials and have successfully distinguished herb samples derived 
from Panax, Taraxacum, Elephantopus, Acorus, Cremastra, Dysosma, Epimedium and 
commercial ginseng products (Cheung et al, 1994; Shaw and But, 1995; Cao et al., 
1996a，b; Ngan, 1997; Ngan et al., 1997). The power of random-primed PCR has also 
been demonstrated to differentiate between cultivated and wild garlic cultivars (Al-Zahim 
et al, 1997) and Panax quinquefolius from different populations (Bai et al., 1997). 
Recently, we have extended the technique to identify Codonopsis pilosula from different 
localities (Zhang et al, 1999). This would certainly speed up and improve the quality 
control ofthe herbal industry as herbs from different origins have different efficacy in the 
therapeutic value. 
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1.4.4.2.1.2 Simple Sequence Repeats (SSR) 
SSR markers or microsatellites also termed as simple sequence length 
polymorphism (SSLP), or sequence-tagged microsatellite site (STMS). They are tandem 
repeats with a basic motif of less than six base pairs; for examples, (AC)n, (TCT)n, 
(TCTG)n. These repeats can be amplified directly from the genomic DNA using primers 
flanking the regions (Grist et al., 1993). SSR has emerged as an important source of 
genetic markers for eukaryotic genomes (Condit & Hubbell, 1991; Rothuizen et al, 
1994). In plants, microsatellites have been documented in barley (Saghai-Maroof et al, 
1994), wheat (Roder et al, 1995) and grape (Bowers et al, 1996). There are several 
methods for microsatellite primer synthesis. (1) searching the Genbank (Weber, 1990) 
and EMBL (Lagercrantz et al, 1993) for SSR loci that based on the information available 
on the species of interest, (2) searching the Genbank and EMBL for SSR loci in species 
and genera within the same family (since a proportion of conserved SSR loci exists 
between species, depending on the taxonomic distance), if little or no information is 
available on the species of interest, (3) constructing and screening of a size-fractionated 
genomic library. In addition, a method termed ‘inter-simple sequence repeat’ (ISSR) 
(Salimath et al., 1995) has been derived. In this method the primer is designed based on 
a repeat sequence, e.g. (CA)n, plus a degenerate 3'-anchor, for example, (CA)gRG 
(Godwin etal, 1997). 
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1.4.4.2.1.3 Polymerase Chain Reaction Fragment Length Polymorphism 
(PCR-RFLP) 
Traditional RFLP requires large amount of intact DNA (up to 15 p,g) DNA for 
analysis. With the help ofPCR, small amount of template DNA (about 100 ng) and 
specific primers are used to amplify a defined DNA fragment. After sufficient copies of 
that fragment is amplified, it is subjecte to restriction enzyme digestion. The fragments 
with various length are resolved by the polyacrylamide gel electrophoresis to reveal 
polymorphism. Two of the suitable candidates for such regions are ribosomal DNA 
(rDNA) and large subunit of ribulose-l,5-bisphosphate carboxylase L (rbcL) gene. The 
PCR-RFLP of rDNA has been carried out on Glehnia and Atractylodes (Mizukami et al., 
1993; 1996; Cheng et al, 1997) and this technique has successfully discriminate Panax 
species from their adulterants (Figure 1.9) fNgan et al, 1999). Various Epimedium 
species have also been differentiated by the PCR-RFLP of the rbcL region (Nakai et aL, 
1996). 
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Figure 1. 9 .PCR-RFLP profiles of Ginsengs and American ginsengs. Lane 1 is 
American ginseng from China. Lanes 2 and 3 is Ginseng from China 
and Russia, respectively. Lanes 4 and 5 is American ginseng from USA 
and Canada, respectively. Band A is unique to American ginseng. Band 
B is unique to Ginseng QSFgan et al., 1999). 
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1.4.4.2.2. Hybridization-based markers 
The marker is generated by hybridization of a probe (labelled by radioisotopes, or 
with conjugated enzymes that generate a color substrate) to fragments of genomic DNA 
following digestion with restriction enzymes and fixed on the membrane. The 
polymorphism revealed by this technique relies on the kind ofprobes used. The 
traditional hybridization technique is restriction fragment length polymorphism (RFLP). 
It is the most widely applied in genome mapping, marker-aided breeding, study of 
systematic and evolution (Philips and Vasil, 1994; Jauhar, 1996; Paterson, 1996c). The 
probes applied in RFLP are cDNA or genomic clones for detecting single or double-
locus. A polymorphism in a restriction pattem occurs when the mutation of a single base 
pair results in the insertion/deletion or creation of a new restriction site. These alterations 
are detected on an autoradiograph after hybridization to a probe. Choice ofthe DNA 
probe and restriction enzyme combination is crucial in the discriminating power ofRFLP 
analysis. 
Hybridization-based microsatellite/ minisatellite fingerprinting is a derivative of 
RFLP analysis, but differs from the latter by the type ofhybridization probe applied to 
reveal genetic polymorphisms. The probes are multi-copy (from repetitive DNA 
sequences) which create complex banding patterns by recognizing multiple genomic loci 
simultaneously and as a result to obtain a multilocus DNA fingerprint. There are two 
types ofmultilocus probes. One is "minisatellite" with tandem repeats of a basic motif 
about 10 to 60 bp long. These tandemly repeating units often contain a common 'core' 
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sequence and different polycore sequences. Genetic fingerprinting using minisatellite 
was first achieved in 1985 for revealing hypervariable regions in human DNA (Jeffreys et 
al., 1985). Since then, minisatellites have been cloned from many organisms including 
rice (Winberg et al., 1993); Arabidopsis thaliana (Tourmente et al., 1994) and tomato 
(Broun and Tansley 1993, 1996, Phillips et al., 1994). The second type of probe is 
microsatellite with tandem repeats of about one to five base pairs. For examples, 
sequence of(GT)n or (CAC)n are common in eukaryotic genomes (Hamada et al., 1984; 
Tautz and Renz, 1984) and are abundant in plants (Saghai-Maroof et al., 1994; Roder et 
al., 1995) and mammals (Vergnaud, 1989). Tropical tree and maize genomes contain 10^  
to 10^  copies per genome (GT)n and (AG)n microsaltellites (Condit and Hubbell, 1991). 
However, the most abundant dinucleotide repeat in plants is (AT)n with repeat copy 
number evenly distributed in the range of 5-30 kb, while in mammals, GT/AC is the most 
frequent dinucleotide repeat and occurs once every 30 kb. Sequence information can be 
searched from DNA databases or by screening genomic libraries with 
oligodeoxyribonucleotides (Cornell et al., 1991). They can also be obtained by screening 
a genomic library enriched with repetitive sequences. They can also be obtained by 
screening a genomic library enriched with repetitive sequences. For example, repetitive 
sequence acts as a probe to generate DNA fingerprints such as in the differentiation 
between Panax ginseng and P. quinquefolius (Leung and Ho, 1998). 
There are two main differences between the RFLP and hybridization-based 
minisatellite/ microsatellite fingerprinting (Weising et al., 1995): (1) DNA fingerprinting 
makes use ofmultilocus probes, creating complex banding patterns, whereas RFLP 
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probes are usually locus specific, resulting in an easy-to-screen codominant marker 
behavior; and (2) DNA fingerprinting is mostly performed with non-species-specific 
probes that recognize ubiquitously occurring sequences such as minisatellites, whereas 
RFLP probes are species-specific. 
However, the development of such markers may be laborious and expensive as it 
involves library construction, screening, sequencing of clones and radioactive substance 
involved. Also, the main limits for the application of hybridization-based fingerprinting 
is that it requires large amounts ofDNA (varying from 2 or 3 i^g for plants with a small 
genome, e.g. Arabidopsis, rice, to as much as 15 t^g for those with large genomes, e.g. 
wheat, maize) in RFLP analysis, resulting in exhaustion of a lot of materials. As we 
know, it may be difficult to extract enough amount or good quality DNA in some Chinese 
medicinal materials. This has considered the use of minisatellite or microsatellite in CM 
authentication. 
1.4.4.2.3. Sequencing-based markers 
This method directly study DNA polymorphisms by determination of the 
nucleotide sequence of a defined region and the alignment of this sequence to a 
homologous region ofmore or less related organism (Hillis et al., 1990). It provides a 
highly reproducible and informative analysis of data and can be adapted to different 
levels of discriminatory potential by choosing appropriate regions ofthe genome. 
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Currently, it is commonly applied in studying population genetics, systematics and 
evolution. 
The representative of these markers is internal transcribed spacers (ITS) from the 
ribosomal DNA (rDNA) (Figure 1.10). The ITS regions within 18S to 26S rDNA have 
proved useful for the study ofplant evolution (Baldwin, 1992 and 1995; Mitchell and 
Wagstaff, 1997). In plant nucleus, up to many thousands of copies ofITS are arranged in 
tandem repeats at a chromosomal locus or at multiple loci (Hamby and Zimmer, 1992). 
The ITS1 and ITS2 flanked by highly conserved ribosomal rDNA genes, 5.8S sequences 
have in between 18S and 28S. Therefore, they can be readily amplified by PCR. 
Variation between ITS sequences is mostly attributed to point mutations. The levels of 
ITS sequence variation suitable for phylogenetic analysis are found at various taxonomic 
levels within families, depending on the lineage. Our laboratory has sequenced the rDNA 
for six Panax species and two adulterants, Mirabilis jalapa and Phytolacca acinosa 
O^gan et al., 1999; Wang et al.，1999). High sequence identity exits among the Panax 
species, ranging from 91-99.6%, but lower sequence identity of about 55-63% in the two 
adulterants have been found. 
A number of researchers have also sequenced various regions ofthe genomic 
DNA and used these regions as diagnostic tools for authentication purpose. The spacer 
region of 5S rDNA is sequenced to confirm the crude drug 'Angelica root, was derived 
^romAngelica autiloba but not Bupleurm falcatum or Glehnia littoralis (Mizukami, 
1995). Several ginseng drugs are identified by sequencing the 18S rDNA (Fushimi et aL, 
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1996). rbcL has also been employed to discriminate 'Banxia' and 'Tiannanxing' as well 
as 'Banxia' related natural medicines (Kondo et al, 1998). The 18S ribosomal RNA and 
cytochrome b genes have been used to identify two species of Hippocampus (Wu et al, 
1998b), 21 species ofturtles shells (Wu et al, 1998a) and to authenticate crude drugs of 
snakes (Wang and Zhou, 1996; 1997). Apart from ITS region, intergenic spacer (IGS) in 
rDNA and rbcL gene from the chloroplast genome are also applied for studies. 
One may ask which markers is the best. The answer depends on what kind of 
problem one want to solve and how much resource one has. Generally, one may consider 
the following factors: (1) development cost, (2) running costs (i.e. cost per assay), (3) 
number of samples that could be run in a research laboratory, (4) level of skill required, 
(5) whether the procedure is automatable or not, (6) whether radioactive labeling is a 
necessity; and (7) reliability. Nevertheless, molecular authentication of CM is a new 
approach to compensate the traditional and chemical analysis. 
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Figure 1.10 Organization of the rDNA repeats. 18S represents small subunit rRNA. 
5.8Srepresents 5.8SrRNA. 26Srepresents large subunit rRNA. ITS is 
intemal transcribed spacer. IGS is intergenic spacer. 
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1.5 Objectives and Strategies of the studies 
The objective of this study is to find a robust and reliable method to authenticate 
ginseng and American ginseng as well as their adulterants. Also, the genetic relatedness 
ofthe ginseng samples from different farms is also analyzed. The following work has 
been carried out: (1) using amplified fragment length polymorphism (AFLP) and direct 
amplification oflength polymorphism (DALP) to reveal DNA polymorphism between P. 
ginseng and P. quinquefolius; (2) from AFLP profile, similarity index (SI) is used to 
calculated to assess the relatedness of two Panax species from different farms; (3) some 
ofthe polymorphic bands are studied by DNA sequencing; (4) PCR-based diagnostics 
markers are generated based on the sequence data. These marker conversion techniques 
are direct amplification minisatellite region DNA (DAMD); sequence tagged site (STS) 
and sequence characterized amplification region (SCAR) markers. Thereby, the 




General Materials and Methods 
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2.1 Reagents and Buffers 
2.1.1 Media for Bacterial Culture 
• Luria-Bertani (LB) Medium 
10 g/1 Tryptone 
5 g/1 Yeast extract 
lOg/lNaCl 
Sterilized by autoclave at 121�C for 15 minutes 
• Luria-Bertani (LB) Agar 
10 g/1 Tryptone 
5 g/1 Yeast extract 
lOg/lNaCl 
1.5% (w/v) Lacto agar 
Sterilized by autoclave at 121¾ for 15 minutes 
• Psi Medium 
2% (w/v) Tryptone 




Sterilized by autoclaving at 121¾ for 15 minutes 
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15% (v/v) Glycerol 





15% (v/v) Glycerol 
Adjust to pH 6.8 with NaOH, sterilized by filtration 
2.1.3 Reagents for Plasmid DNA Preparation 
• P1 
D50 mM Tris-HCl (pH 7.5) 
lOmMNa2EDTA 





1% (w/v) SDS 
2.55MKAc 
Adjust to pH 4.8 with glacial acetic acid 
2.1.4 Reagents for Agarose Gel Electrophoresis 
• IX TAE (Tris-acetate) 
40mM Tris-acetate 
lmMNa2EDTA 
• IX TBE (Tris-borate) 
90mM Tris-borate 
2mMNa2EDTA 
• 6X Agarose gel loading Buffer 
40% (w/v) Surcose 
0.25% (w/v) Bromophenol blue 
2.1.5 Reagents for Polyacrylamide Gel Electrophoresis 
• 40% Polyacrylamide Solution 
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38% (w/v) Acrylamide 
2% (w/v) N,N'-methylene-bisacrylamide 
• 10% Ammonium Persulfate 
10 g Ammonium persulfate make up to 100 ml with distilled water 
2.1.6 Reagents for Southern Hybridization 
• Denaturation solution 
0.4MNaOH 
1 MNaCl 
• Neutralization solution 
0.5 M Tris-HCl, pH 7.4 
1.5MNaCl 
O.OOlMEDTA, pH8.0 
• 20X SSC 
175.3 gNaCl 
88.2 g sodium acetate 




10 g sodium dodecyl sulfate make up with distilled water to 100 ml and adjust with 
HC1 to pH 7.2 
• STE buffer 
0.1 MNaCl 
10 mM Tris-HCl, pH 8.0 
1 mM EDTA, pH 8.0 
• 100 X Denhard' s solution 
5 g Bovin semm albumin (BSA) (Fraction V; Sigma) 
5 g Ficoll (Type 400, Pharmacia) 
5 g Polyvinylpyrrolidone (PVP) 
Make up to 250 ml with distilled water. Sterilized by filtration and stored at -20 °C 
• Prehybridization buffer 
50 % Formamide 
7 % SDS 
1 mM EDTA, pH 8.0 
O.25MNaH2PO4 
5 X Denhard's solution 
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2.2 Agarose Gel Electrophoresis ofDNA 
DNA was separated by 1 to 2.5% TBE /TAE agarose gel, which was prepared by 
dissolving 1 to 2.5% agarose (w/v) in IX TBE or TAE containing 0.5 i^g ethidium 
bromide/ml. The DNA sample was mixed with appropriate amount of6X agarose 
loading buffer to give a final concentraion of IX. Then the sample was loaded into the 
slots ofthe gel which was placed into the electrophoresis tank with IX TBE or IX TAE 
buffer. It was run at 5-10 V/cm. After the bromophenol blue was migrated to appropriate 
distance, the gel was examined under ultraviolet light. It was photographed by polariod 
665 films. 
2.3 Purification ofPCR products 
® • 
2.3.1 From Agarose Gel using Geneclean II Kit 
The following procedure is based on the method recommended by the supplier 
(Bio 101). The desired DNA band separated by TAE gel was cut into pieces using a razor 
blade. The weight of the gel slices was determined and 3 volumes of 6M sodium iodide 
solution were added. The gel slices were melted at 55 °C for about 5 minutes and 5-10 ^ il 
Glassmilk® was added. The mixture was kept on ice for 15 minutes. For DNA molecule 
with size range from 200 to 500 bases, it is recommended that 1/ 10 volume of TBE 
modifier (or 1/ 200 volume of 10 % acetic acid) and 3 volume ofNaI were added in a 
46 
particular application. It was then centrifuged in a microcentrifuge at 12,000 g for 30 
seconds. The pellet was washed with 0.7 ml New Wash solution. The suspension was 
pelleted by centrifugation. The pellet was washed two more times and then air-dried to 
remove the traces of ethanol. Then 20 to 50 i^l double-distilled water prewarmed at 56 
°C was added to elute the DNA. Supernatant was collected by centrifugation at 12,000 g 
for 1 minute. 
2.3.2 Using Microspin™ Columns 
The following procedure is based on the method recommended by the supplier 
(Pharmacia). The resin in the column was resuspended by vortexing. The lower cap was 
released and placed in a microfuge tube to prespun at 735 g in a microcentrifuge for 1 
minute. The microfuge tube was replaced with a new one and the sample was applied 
slowly to the top-center of the resin. It was spun at 735 g for 2 minutes. The purified 
sample was collected at the bottom of the collection tube. 
2.4 End Modification ofPCR amplified DNA 
The 3’ ragged ends ofPCR amplified DNA were modified by the method 
described by Starr and Quaranta (1992) to facilitate cloning of the DNA into blunt-end 
vector. Desired DNA fragment was resolved by TAE gel and purified by the 
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GENECLEAN procedure. The modification mixture contained IX T4 polynucleotide 
kinase buffer, 1.25 mM dNTPs, 10 mM ATP, 10 U DNA polymerase I (Promega) and 10 
U T4 polynucleotide kinase (Promega) and gene-cleaned DNA. Water was added to a 
fmal volume of 100 i^l. The mixture was incubated at 37�C. After one hour incubation, 
1 i^l 0.5 M EDTA was added to stop the reaction. The modified DNAwas again 
recovered by the GENECLEAN procedure and analyzed by 1 % TBE gel. 
2.5 Preparation of Escherichia coli Competent Cells 
Appropriate strain ofEscherichia coli was streaked directly from frozen stock 
onto a LB agar plate and incubated at 37 °C overnight. A single colony from the plate 
was inoculated into 10 ml Psi medium and shaken vigorously at 37 °C for 3 hours. Then 
10 ml culture was inoculated into 90 ml Psi medium. The cells were grown at 37 °C until 
the O.D. reached 0.45. The culture was chilled on ice for 15 minutes and then harvested 
by centrifugation at 10,000 g for 15 minutes at 4 °C in a Beckman superspeed centrifuge 
J2-21, rotor JA20. The pellet was resuspended in 37 ml RF 1 and kept on ice for 15 
minutes and was transferred to a fresh centrifuge tube. The cells were then collected by 
centrifugation at 1,000 g for 15 minutes at 4 °C. The cell pellet was resuspended by 8 ml 
RF 2 and kept on ice for 15 minutes. The competent cell suspension was dispensed into 
aliquots of 100 i^l each and flash frozen in liquid nitrogen immediately. They were then 
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stored at -70�C before use. Compositions for LB, Psi, RF1 and RF2 are described in 
sections 2.1. 
2.6 Ligation and Transformation of E.coli 
The following procedure described the general condition for ligation of foreign 
DNA to a linearized vector. The purified PCR product was ligated into 25-100 ng vector 
in a ratio of 3:1. Then 1 OX ligation was added to the reaction mixture to a final 
concentration of IX. One unit ofT4 DNA ligase (USB) was added and the mixture was 
incubated ovemight at 1 6 � C ovemight. Five i^l of the ligation mixture (usually 10 ng 
plasmid DNA) was added into 100 i^l ofjust thawed E.coli competent cells and mixed by 
stirring with a pipette tip. The tube was kept on ice for 30 minutes and then heat-shocked 
at 42 °C for 2 minutes. It was rapidly transferred to ice to chill the cells for 2 minutes. 
Then 400 i^l ofpre-warmed 3 7 � C LB medium was added to the tube and incubated at 
37¾ for 1 hour in a rotary shaking incubator. After incubation, 50 i^l of the culture, 50 ^ il 
of20 mg/ml 5-bromo-4-chloro-3-indolyl-P-D-galactoside (X-gal) and 20 i^l of O.lM 
isopropylthio-P-D-galatoside (IPTG) were spread onto a LB plate containing appropiate 
antibiotics. After the liquid had been diffused into the agar, it was inverted and incubated 
at 37 °C ovemight. 
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2.7 Plasmid Preparation 
2.7.1 Minipreparation of plasmid DNA 
The method was adapted from Sambrook et al. (1989) with minor modifications. 
A single bacterial colony was inoculated into 5 ml LB medium containing appropiate 
antibiotics. The culture was incubated at 37¾ ovemight in a rotary shaking incubator. 1 
to 3 ml bacterial cells were collected by centrifugation at 13,000 g for 30 seconds. The 
pellet was resuspended in 200 i^l ofBuffer P1 containing 100 ^ig/ml RNaseA. 200 i^l of 
Buffer P2 was added to lyse the cells which was then allowed to stand at room 
temperature for 5 minutes. Two hundred i^l ofbuffer P3 was added to neutralize the 
mixture and kept on ice for 5 minutes. It was centrifuged at 13,000 g at room temperature 
for 15 minutes. The supernatant was collected and 0.7 volume of isopropanol was added 
to precipitate the DNA at room temperature. After 30 minutes, it was centrifuged at 
13,000 g for 15 minutes. The pellet was washed with 70% ethanol twice and then air-
dried. It was then dissolved in 20-50 i^l double distilled water. 
2.7.2 Preparation ofplasmid DNA using Wizard® Plus SV Minipreps DNA 
Purification Kit (Promega) 
The following procedure is based on the method recommended by the supplier. A 
single bacterial colony was inoculated into 5 ml LB medium containing appropiate 
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antibiotics. The culture was incubated at 37^C ovemight in a rotary shaking incubator. 
The bacterial cells were collected by centrifugation at 12,000g for one minute in a 
microcentrifuge. The bacterial pellet was resuspended in 250 [d Resuspension Buffer (50 
mM Tris-HCl ( p K 7 . 5 ) , 10 mM EDTA, 100 i^ g/ ml Rnase A). Two hundred fifty i^l Cell 
Lysis Buffer (0.2 mM NaOH, 1 % SDS) and 10 i^l Alkaline Protease Solution were added 
to lyse the bacterial cells. Then, 350 i^l Neutralization Buffer (4.09 M guanidine 
hydrochloride, 0.759 M KOAc, 2.12 M glacial acid, pH 4.2) was added. The mixture 
was centrifuged at 12,000 g for 5 minutes in a microcentrifuge. The supernatant was 
transferred to a Minipreps Spin column inserted into a collection tube. The column was 
centrifuged at 12,000 g for lminute and then the column was washed twice with 750 i^l 
Column Wash Solution (60 mM KOAc, 10 mM Tris-HCl (jpU 7.5), 60 % EtOH). The 
column was centrifuged for 30 seconds in a microcentirfuge to remove the last trace of 
solution. One hundred i^l nuclease-free water was added to the column. The column was 
then inserted to a fresh 1.5 ml eppendorf tube. Solution containing the plasmid DNA was 
collected by centrifugation at 12,000 g for 1 minute in a microcentrifuge. 
2.8 Screening for the Presence ofInsert in plasmid 
2.8.1 Rapid Alkaline Lysis 
The presence ofdesired plasmid in the transformants was determined by rapid 
alkaline lysis method (Barnes, 1977). The transformed E. coli cells were allowed to grow 
to 3 mm in size on LB plate containing appropriate antibiotic. The colony was then 
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transferred by a sterile toothpick to a 1.5 ml eppendorf tube containing 15 i^l rapid 
alkaline lysis buffer (50 mM sodium hydroxide, 0.5 % SDS, 5 mM EDTA and 0.025 % 
bromocresol green). The eppendorf tube was capped and incubated at 68 °C for an hour. 
The mixture was then loaded to a 1 % TBE gel without the addition of ethidium bromide 
and the two ends ofthe gel just touching the running buffer. When the dye had migrated 
into the gel, more running buffer might be added to submerge the gel. After 
electrophoresis, the gel was stained by soaking for 45 minutes in a solution ofethidium 
bromide (0.5 ^ig/ml). 
2.8.2 PCR Screening 
A single colony of E. coli transformant was resuspended in 50 i^l colony lysis 
buffer (10 mM Tris-HCl, (pU 8.0), 1 mM EDTA and 0.1 % Tween 20). The mixture 
was heated at 95 °C for 5 minutes and centrifuged at 13,000 g in microcentrifuge for 15 
minutes. One i^l ofthe bacterial lysate was added to a 25 i^l PCR mixture containing IX 
Taq buffer, 1.25 mM dNTPs, 1 ^ iM offorward and reverse primers and 0.5 U Taq DNA 
polymerase. The PCR mixture was subjected to 30 cycles of 95 °C for 1 min, 55 °C for 
30 sec and 72 °C for 30 sec. The PCR product was analyzed by a 1 % TBE gel. 
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2.8.3 Restriction Digestion of plasmid DNA 
Two i^l ofplasmid was digested with 0.2 unit enzymes in 20 i^l containing 
appropriate buffer at 37 °C for 1 hour. It was resolved in a 1.5% TBE agarose gel. 
2.9 DNA Sequencing 
2.9.1 Plasmid Sequencing using T7 Sequencing Kit 
Dideoxy-sequencing of plasmid was carried out by the T7 Sequencing kit 
from Pharmacia. One to two i^g plasmid DNA was denatured with 8 i^l of2M NaOH in 
40 i^l volume at 37 °C for 1 hour. The denatured template was recovered by ethanol 
precipitation and dissolved in 10 i^l cold water. Two i^l of annealing buffer and 2 i^l of 
primer (5 ^g/ml) was added to the template. The mixture was incubated at 37 °C for 20 
minutes and then at room temperature for 10 minutes. Three i^l ofLabelling Mix A, 1 i^l 
ofa-[35s]dATP (lOmCi/ml, Amersham), 1.6 i^l ofEnzyme Dilution Buffer and 0.5 units 
ofT7 DNA Polymerase were added to the mixture. It was incubated at room temperature 
for 5 minutes. During the incubation, 2.5 i^l of A-, G-, C-, T-, Short Mix was added to 
four labelled 1.5 ml microfuge and they were pre-warmed at 43 °C. After incubation, 4.5 
i^l ofthe reaction premix was added to each of the four pre-warmed Short Mix. The 
terminaton reaction was taken place at 43 °C for 5 minutes. Then they were stopped by 
adding 5 i^l Stop Solution. The samples were then kept at -20 °C before use. 
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2.9.2 Cycle Sequencing from PCR Products or Plasmid 
The method described involved end-labelled primer. Five to ten pmole primer 
was labelled in 10 i^l volume containing 2 i^l y-[^ ^P or ^^P]-ATP (lOmCiAnl, Amersham), 
1 i^l of 10X polynucleotide kinase buffer and 1 unit ofT4 polynucleotide kinase at 37�C 
for 1 hour. The following protocol was described for USB Thermo Sequenase cycle 
sequencing kit from Amersham. 100ng of single-stranded DNA or 200 ng of plasmid 
DNA, 2 i^l Reaction Buffer, 1 ^ 1 Labelled primer, 2 i^l ofThermo Sequenase DNA 
polymerase were mixed and made up to 17.5 i^l with deionized water. Four [x\ ofthe 
premix was added to 4 eppendorftubes with 4 i^l ofddATP, ddGTP, ddCTP, ddTTP 
Termination Mix respectively. They were overlaid with a drop ofmineral oil. The 
reaction was heated at 95 °C for 5 minutes and then subject to 50 cycles of 30 seconds at 
95 oC, 30 seconds at 55 °C , 1 minute at 72 °C in a thermocycler (Thermolyne). It was 
stopped by adding 4 i^l Stop Solution and kept at -20¾ before use. 
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2. 10 DNA Sequencing Electrophoresis 
A Sequi-Gen® Nucleic Acid Sequencing Cell (Bio-Rad) was used. 
2.10.1 Preparation of 6% Polyacrylamide Gel Solution 
100 ml of 6% Polyacrylamide Gel Solution was made up with 70 ml 10 M urea, 
20 ml of30% acrylamide solution (19:1) and 10 ml 10X TBE. 
2.10.2 Gel Casting 
The glass surfaces in contact with the gel of the casting unit were cleaned with 
distilled water, 70% ethanol and acetone thoroughly. One of the glass surfaces was 
wiped with repellent, dimethyldichlorosilane solution 2% (w/v) in 1,1,1-tricholoethane. 
A pair of 0.4mm thick spacers was placed between the cleaned glass surfaces. The cell 
was then assembled by the clamps provided by the supplier. 10 ml of 6% acrylamide gel 
soultion, 125 i^l of 10% ammonium persulfate and 50 i^l TEMED were mixed to seal the 
bottom of the cell. The mixture was poured onto a sealing strip in a casting tray. The 
cell was placed on the top of the sealing strip. 
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After the bottom of the cell was sealed, it was placed in an inclined position of 
about 20 degrees. 360 i^l of 10% ammonium persulfate and 35 i^l TEMED were added to 
the remaining 60 ml 6% acrylamide gel solution. It was then poured immediately into the 
gap between the glass plates of the casting unit. A 0.4mm thick shark-tooth comb or 
well-forming comb was inserted into the gap between the glass plates with its flat side 
facing inward. The gel was allowed to set for an hour. 
2.10.3 Electrophoresis of Sequencing Gel 
After the gel had set, the comb was removed and it was inserted again with its 
toothed side pointing inward. The casting unit was then assembled onto the gel tank. 
The upper and lower buffer reservoirs were filled with IX TBE. The gel was pre-run at a 
constant temperature of 55 °C with power of 55W for 30 minutes. Before loading 
samples, wells were washed with buffer by syringe to remove urea and samples were 
heated at 9 5 � C in heating block for 5 minutes and immediately place on ice. 3 i^l of 
sample was loaded into the well using a sequencing pipette (Dmmmond). The gel was 
run at a constant temperature of 55 °C until the dyes reached the desired position. The 
casting unit was dissembled and the gel was blotted onto a sheet of 3MM Whatman filter 
paper. It was covered with a piece of Saran wrap and dried in a gel dryer (Slab Gel Dryer 




Kodak X-OMAT AR diagnostic film or Fuji RX medical X ray film was used for 
detection. Film was exposed in a Kodak X-Omatic cassette at room temperature (for ^^ S 
isotope) or -70^C (for ^ P^ or ^^ P isotopes) from one day to one week depending on the 
signal ofthe gel. After exposure, the film was developed with Kodak X-ray developer for 
5 minutes, rinsed in running water and then fixed with Kodak X-ray fixer for 5 minutes. 
It was then rinsed with running water for 5 minutes. 
2.11 DNA Elution from Dried Sequencing Gel 
The gel slice containing desirable DNA product was located by superimposing of 
the X-ray film on the original dried sequencing gels and fixed with pins at four points. 
The band was excised using a razor blade. The interested DNA fragment was put into a 
microcentrifuge tube and eluted from the gel slices by soaking in 100 i^l TE (10 mM 
Tris-HCl, pH 8.0 and 1 mM EDTA) for 3 hours at 65 °C. The gel residues were removed 
by centrifugation at 13,000 rpm for 15 min. The DNA supernatant was saved to a fresh 
microcentrifuge tube. One i^l of the supernatant was used as the template in a PCR re-
amplification. 
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2.12 Southern blot analysis 
2.12.1 Restriction enzyme digestion of genomic DNA 
10 i^g plant genomic DNA was heated at 70 °C for 5 minutes and immediately 
chilled on ice. Then 50 i^l appropiate 10X digestion buffer, 50 U enzyme and water were 
mixted to a final volume of 500 i^l in a microcentrifuge tube. The reaction mixture was 
incubated at 37 °C overnight. 
2.12.2 Purification of digested DNA and agarose gel electrophoresis 
After ovemight incubation, the sample was purified by equal volume ofphenol/ 
chloroform mixture (phenol: chloroform : isoamyl alcohol 二 25 : 24 : 1 volume by 
volume). After extraction by vigorous vortexing, the mixture was centrifuged at 12,000 g 
for 15 minutes in a microcentrifuge. The aqueous phase was extracted with chloroform 
and recovered the aqueous phase by centrifugation. Absolute ethanol was added to 
precipitate DNA. The DNA was dissolved in an appropriate amount of water and small 
amount ofDNA was analyzed by agarose gel electrophoresis. Then similar amount of 
DNA of each samples was resolved on 0.8 % TBE gel and electrophoresed at constant 
voltage of 30 V ovemight. 
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2.12.2Capillary transfer of DNA to a Hybond N+ nylon membrane 
DNA was capillary transferred to Hybond™ N+ nylon membrane according to 
Sambrook et al. (1989) and the manufacturer's intruction (Hybond™ N+, Amersham). 
After electrophresis, the IX TBE gel was placed in 0.2 M HC1 for 5 minutes until dye of 
sample buffer had changed colour from blue to yellow. The gel was rinsed with distilled 
water three times and placed in denaturation buffer so as to completely cover the gel. It 
was left at room temperature for 45 minutes with shaking. Meanwhile, capillary transfer 
setup was setted. A platform was made and covered with a wick made from three sheets 
ofWhatman 3MM filter paper, saturated with denaturation solution. At least 15 minutes, 
a sheet ofHybond™ N+ nylon membrane was cut to exact size of the gel and wetted with 
distilled water for 5 minutes and denaturation solution for 5 minutes at room temperature. 
Then the gel was placed on the wick and membrane was placed on the top ofthe gel. 
About 3 to 4 layers 3MM paper was placed on the top the membrane and a 15 ml 
FALCON tube was rolled on the surface of the 3MM paper to repel bubbles. A stack of 
absorbent paper towels on top of the 3MM paper and 0.75 to 1kg weight was put on the 
top. The transfer was allowed to proceed for 16 hours to ovemight. After blotting, the 
apparatus was carefully dismantled. The membrane was placed with the DNA side up. 
The membrane was rinsed in 5X SSC for 2 minutes and dried in 3MM paper. Then the 
membrane was fixed on a pad (about 3 to 4 layers) of 3 MM paper soaked with 0.4 M 
NaOH for 20 minutes. After 20 minutes, the membrane was neutralized in 150 ml 
neutralizing solution for 5 minutes and rinsed in 2 X SSC for 5 minutes. Finaly, the 
membrane dried on 3MM paper. 
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2.12.4 DNA radiolabeling by Nick translation 
The following procedure is based on the method recommended by the supplier 
(GIBCO). 20 to 50 ng ofDNA was dissolved in 35 i^l water. Five i^l dNTP Mix (minus 
dCTP), 5 i^l [a32p] dCTP (10 mCi/ml, NEN) and 5 i^l Pol/DNase I were added and mixed 
thoroughly. The reaction mixture was incubated at room temperature for one and half 
hour and 5 ^1 Stop Buffer was added. 
® 
2.12.5 Purification of radiolabeled probe by NICK Spin Column 
® 
A prepacked spin column containing Sephadex G-25 fine, DNA Grade was 
inverted several times to resuspend the gel, then the column was placed upright and 
allowed the gel to settle. The top cap was removed and then the bottom cap to allow the 
buffer draining from column. One ml equilibration buffer, STE Q<laCl, Tris-HCl, pH 8.0 
and EDTA, pH 8.0), was added to pass through the column. The column was placed in 
the collection tube and 2 ml STE was added and centrifuged at approximately 500 x g in 
a swinging-bucket rotor for 4 minutes. After centrifugation, an uncapped 1.5 ml 
microcentrifuge tube was placed inside the collection tube and the radiolabeled materials 
were applied slowly to the center of the flat gel surface. The column was centrifugated at 
500 X g for 4 minutes and the eluent was transfer into a fresh microcentrifuge tube. 
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2.12.6 Hybridization ofDNA 
The following procedure was adopted from Sambrook et al. (1989) with minor 
modifications. The DNA immobilized membrane was prehybridized in Prehybridization 
solution containing 5 X Denhard's solution, 50 % formamide, 7 % SDS, 1 mM EDTA, 
pH 8.0 and 0.25 M NaH2PO4 at 42 °C for 15 minutes in a hybridization tank. 
Meanwhile, the purified [a^^P] dCTP labeled DNA probe was denatured by heating at 95 
� C for 5 minutes and chilled on ice for 5 minutes. After prehybridization, the probe was 









Extraction ofhigh quality and large molecular DNA is a crucial step before 
decent analysis ofDNA can be performed. In fact, many PCR-based analytical methods 
such as RAPD and AP-PCR are sensitive to the purity DNA templates. Large molecular 
weight DNA is required for AFLP and Southem hybridization. 
During DNA extraction from plant species, several problems maybe encountered. 
These include partial or total DNA degradation due to the presence of nucleases. Highly 
viscous polysaccharides co-isolated render the handling of sample difficult and the 
recovery ofDNA is low. Secondary metabolites such as polyphenols, trepenes and resins 
cause damage to DNA and/ or inhibit restriction enzymes and Taq polymerase. 
Polyphenols are oxidized to brown quinonic compounds during DNA preparation and it 
strongly oxidized DNA and proteins (Loomis, 1974). Also, polyphenolic compounds 
have high affinity for certain proteins. For example, they have been shown to inhibit 
reverse transcriptase O^ishizawa et al., 1989 and Tan et al, 1991), topoisomerase I and II 
(Kashiwada et al, 1993) and DNA polymerase OSfakane et al., 1990 and Koonjul et al., 
1999). As a consequence, yields ofhigh molecular weight DNA from plants are often 
poor. 
To overcome these problems, several extraction and post-purification methods 
have been reported. One method involved cetyltrimethylammonium bromide (CTAB) 
(Draper and Scott, 1988), a cationic detergent which solubilizes membranes and forms a 
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complex with DNA. After cell disruption and incubation with hot CTAB isolation 
buffer, proteins are extracted by chloroform-isoamyl alcohol. CTAB-DNA complex is 
precipitated under high sodium salt while majority of polysaccharides remain in solution. 
The pellet is then dissolved and reprecipitated in absolute ethanol. 
Potassium acetate/ sodium dodecyl sulphate (SDS) precipitation method 
(Dellaporta et al., 1983) is an alternative to the CTAB procedures. SDS is the main 
cationic detergent in extraction buffer for lysis of tissue membranes and denaturation of 
proteins. It relies on the simultaneous precipitation of proteins and polysaccharides by 
high concentrations of potassium acetate in the presence of SDS. Nucleic acids are free 
in solution. 
Plant DNAzol reagent is a patent-pending DNA isolation reagent containing a 
mixture of guanidine thiocyanate and detergent that hydrolyzes RNA and allows the 
selective precipitation ofDNA from the lysate (Chomczynski et al., 1997 and Ausubel et 
al., 1990). Proteins can be dissolved in concentrated solution (4 M or more) of guanidine 
salts and become biologically inactive as all ordered secondary structure is lost and 
nucleoprotein is dissociated into its nucleic acid and protein moieties (Cox, 1968). It is a 
complete, nontoxic and ready-to-use reagent for the isolation of genomic DNA from 
various biological sources. 
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The above mentioned methods, CTAB method, Potassium acetate/ sodium 
dodecyl sulphate (SDS) precipitation method and one commercial available Plant 
DNAzol® reagent from GIBCO were used in order to get desirable DNA from both dried 
and fresh ginseng samples. 
65 
3.2 Reagents and buffer for total DNA extraction 
3.2.1 Cetyltrimethylammonium bromide (CTAB) extraction method 
• CTAB Extraction Buffer 
50mM Tris-HCl (j)H 8.0) 
0.7M NaCl 
lOmM EDTA 
1% (w/v) CTAB 
20mM 2-mercaptoethanol 
• CTAB Precipitation Buffer 
50mM Tris-HCl (jpU 8.0) 
lOmM EDTA 
1% (w/v) CTAB 
• 10% (w/v) CTAB 
10% (w/v) CTAB 
0.7MNaCl 
• Extraction Buffer 
100mM Tris-HCl (pH 8.0) 
100mM EDTA (pU 8.0) 
250mMNaCl 
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• 10% Sarkosyl ^s[-Lauroyl-sarcosine) 
10%(w/v) sarkosyl in water 
• TE Buffer 
lOmM Tris-HCl (pU 8.0) 
lmM EDTA 
3.2.2 Potassium acetate/ sodium dodecyl sulphate (SDS) precipitation 
method 
• Extraction buffer 
100 mM Tris HC1 pH 8.0 
50 mM EDTA pH 8.0 
500mMNaCl 
10 mM p -mercaptoethanol 
Mix 100 ml of 1 M Tris HC1 pH 8.0 and 100 mM 0.5 M EDTA pH 8.0. Add 600 ml 
of distilled water. 
• 20 % SDS 
Dissolve 100g electrophoresis-grade sodium dodecyl sulphate and add to 400 ml of 
distilled water. Heat to 68 °C in water bath and swirl sporadically. Adjust the pH to 
7.2 with few drops of concentrated HC1 and make up to 500 ml with distilled water. 
Do not autoclave and store at 37 °C. 
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• 5 M Potassium acetate working solution 
Mix up 60 ml 5 M potassium acetate and 11.5 ml of glacial acetic acid. Add 28.5 ml 
of distilled water and store at room temperature. 
• 3 M sodium acetate, pH 5.2 (3 M NaAcO) 
Weight 24.61 g of anhydrous sodium acetate and add 70 ml of distilled water. Adjust 
pH to 5.2 with glacial acetic acid and make up to 100 ml, autoclave and store at room 
temperature. 
• TE10: 1 , pH 8.0 buffer 
lOmM Tris-HCl, pH 8.0 
1 mM EDTA, pH 8.0 
Mix 5 ml of 1 M Tris HC1, pH 8.0 and 1 ml of0.5 M EDTA, pH 8.0 with 
distilled water to 500 ml, autoclave and store at room temperature. 
• Chloroform-isoamyl alcohol (24: 1) 
Mix 240 ml of chloroform and 10 ml of isoamyl alcohol. Store the mixture under 2-3 
cm ofTE10: 1 at 4 °C. 
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3.2.3 Plant DNAzol® Reagent 
• GIBCO BRL Plant DNAzol® Reagent Q^o. 10978-021) 
• Plant DNAZOL -ethanol wash 
Freshly mix 1 volume ofDNAZOL with 0.75 volume of 100% ethanoL 
• 0.1 M or 1 M HEPES (free acid) 
• 4 M NaOH stock solution 
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3.3 Extraction methods 
3.3 • 1 Sample Preparation 
Both fresh and dried samples were rinsed with 70% ethanol twice and then 
distilled water to remove any contaminants. The samples were then ground into fine 
powder in liquid nitrogen in a mortar and pestle. 
3.3.2 Cetyl triethylammonium bromide (CTAB) Extraction method 
Plant DNA was extracted by a protocol modified from Draper and Scott (1988). 
0.1 to 0.2 g ground sample powder was added into 600 i^l lx CTAB extraction buffer 
prewarmed to 56 °C for 30 minutes with occasional shaking, it was then cooled to room 
temperature and extracted with an equal volume of chloroform-isoamyl alcohol (24:1). 
After spinning at 13,000 g for 10 minutes, 0.1 volume of 10% CTAB was added into the 
aqueous phase. It was then extracted again with an equal volume of chloroform-isoamyl 
alcohol (24:1). The aqueous phase was collected and an equal volume of lx CTAB 
precipitation buffer was added. After standing at room temperature for 1 hour, the 
solution was spun down at 13,000 g for 15 minutes. The pellet was resuspended in 400 
i^l lM NaCl, 800 ]A of cool absolute ethanol was added and stored at -20 °C ovemight. 
The suspension was spun down at 13,000 g for 10 minutes and the pellet was washed 
with 70 % ethanol twice. It was then air-dried and resuspended in 50 i^l TE buffer or 
double distilled water. 
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3.3.3 Potassium Acetate/ Sodium Dodecyl Sulphate (SDS) method 
Plant DNA was extracted by a protocol modified from according to Rueda et al 
(1998) which was modified from Dellaporta et al (1983). Half to one gram ground 
sample powder was transferred into a 50 ml centrifiige tube containing 15 ml prewarmed 
extraction buffer (100 mM Tris HC1 pH 8.0，50 mM EDTA pH 8.0 and 500 mM NaCl). 
P-mercaptoethanol was freshly added to a final concentration of 10 mM. Then, 1 ml of 
20 % SDS was added and mixed thoroughly by vigorous shaking. After that, the 
centrifuge tube was incubated at 56 °C for 45 minutes with occasional shaking. It was 
then added 5 ml of 5 M potassium acetate working solution, shaking vigorously and 
chilled on ice for at least 20 minutes. Most of the proteins and polysaccharides are 
removed as a complex with the insoluble potassium dodecyl sulphate precipitate. The 
centrifuge tubes were spinned at 16,000 g with Beckman JA-20 rotor for 15 min. 
Supernatant was transferred into a 50 ml sterile centrifuge tube containing equal volume 
of cold isopropanol. The tube was mixed gently and incubated in ice bucket for 
minimum 30 minutes. A DNA clot would appear. After balancing the tubes with 
isopropanol and centrifuging at 15,000 g for 15 minutes, supernatant was poured off. 
DNA pellet was washed with 85 % ethanol twice. Slightly dried pellet was dissolved in 
0.7 ml ofTE, pH 8.0 containing 1 ^ il 10 mg / ml RNAase A and incubated at 37 °C for at 
least 1.5 hours. Afterwards, DNA suspension was transferred into a microcentrifuge 
tube, equal volume of phenol: chloroform: isoamyl alcohol (25: 24: 1) was added and 
shaked to eliminate RNase and other contaminants. Aqueous phase (top layer) was 
collected after centrifuging at 13,000 rpm for 15 minutes. Same volume of chloroform-
isoamyl alcohol (24: 1) was added to remove any remaining phenol. Aqueous layer was 
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recovered and 1 /10 volume of3 M sodium acetate and 2.5 volume of cool absolute 
ethanol was added. The solution was stored at -20 °C ovemight. The suspension was 
spun down at 13,000 g for 10 minutes. The pellet was washed with 70 % ethanol twice 
and air-dried. The DNA was dissolved in 50 ]A to 100 ]A TE buffer or double distilled 
water to obtain a final concentration of 1 pg / ]A DNA and stored at -20 °C. Fifty to one 
hundred microgram DNA were normally extracted from one gram of tissue. 
3.3.4 GIBRO Plant DNAzol® reagent for genomic DNA isolation 
Ground sample powder (O.lg) was mixed with 0.3 ml Plant DNAzol® Reagent in 
a microcentrifuge tube. The solution was mixed thoroughly by gentle inversion a few 
times and incubated at 25°C with shaking for 20 to 30 minutes. 0.3 ml chloroform was 
added, mixed vigorously and further incubated at 25�C with shaking for another 5 
minutes. Following the extraction, the solution was centrifugated at 12,000 g for 10 
minutes and the aqueous layer was transferred to a fresh tube. 0.2 ml absolute ethanol 
was added and samples were mixed by inverting the tubes 6 to 8 times and stored at room 
temperature for 5 minutes. DNA was sedimented at 5,000 g for 4 minutes. DNA 
precipitate was washed with 0.3 ml ofPlant DNAZOL -ethanol wash solution by 
vortexing. Samples was stood at room temperature for 5 minutes and centrifuged at 
5,000 g for 4 minutes. 0.3 ml of 70% ethanol was added to wash the DNA pellet and the 
DNAZOL-ethanol wash solution was removed by vigorous mixing, followed by 
centrifugation at 5,000 g for 4 min. Supernatant was poured off and the DNA pellet was 
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air-dried. The DNA pellet was dissolved in 70 i^l TE buffer (pR 8.0). IfDNA pellet was 
difficult to dissolve, 8 mM NaOH instead ofTE buffer was used. In a typical DNA 
preparation, the DNA solution was cloudy and may contain insoluble material. This 
insoluble material was removed by centrifugation at 12,000 g for 4 minutes. Then the 
DNA pellet was dissolved either in TE buffer, pH 8.0 or 8 mM NaOH to adjust a DNA 
concentration to 0.1 - 0.3 mg/ml. IfDNA was solubilized in 8 mM NaOH, pH ofDNA 
solution was adjusted by addition of 1 ^ il 1 M HEPES (free acid) per 1 ml of 8 mM 
NaOH. Typical yield was 50 - 300 i^g ofDNA7g of plant leaf materials. 
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3.4 Qualitative and quantitative analysis of DNA 
The size ofDNA was checked by running 5 i^l sample onto 1 % agarose gel for 1 
hour at lOV/ cm in TBE buffer. Lambda Hind III digested DNA (250 ng/ pl) was used as 
the size marker. The quantity of DNA was estimated by the intensity of the band by 
comparing to 250 ng/ p,l lambda Hind III marker or calculate according to the following 
equation. 
DNA concentration = A260 x dilution factor x 50 ^g/ ml 
The DNA was checked using UV spectrophotometer. The amount ofUV absorbed by a 
DNA solution at wavelength 260 nm is directly proportional to the amount ofDNA in the 
sample. One A260 unit corresponds to 50 ^g of double-stranded DNA per ml. 
The purity of samples were estimated from the absorbance ratios A260/ A230，a 
measure of contamination by polyphenols/ carbohydrates (Logemann et al., 1987), and 
A260/A280，a measure of contamination by proteins (Craigie et al., 1964). A reasonably 




Total DNA was successfully isolated from both fresh P. ginseng and dried P. 
quinquefolius using the CTAB method, potassium acetate/ SDS and Plant DNAzol 
methods. DNA extracted by Plant DNAzol (Figure 3.1) did not present any smear and 
the absorbance ratio A260/ Aiso is around 1.8 and A260/ A230 absorbance ratio is about 1. 
However, it was found that its yield was the lowest among these methods. For CTAB 
and potassium acetate/ SDS method (Figure 3.1 A and B), large amount ofDNA was 
recovered but DNA extracted from CTAB seemed to be a smear. Both methods can get 
good absorbance ratio A260/ A280 which was around 1.6 and 1.8. For the absorbance ratio 
A260/ A230, it was around 1.5. In general, high molecular weight DNA was acquired from 
fresh samples but degraded DNA was extracted from dried samples. The drying 
processes to the Chinese medicinal material may cause serious damage to DNA. Since 
DNA extracted by potassium acetate/ SDS method (Figure 3.2 and 3.3) showed a better 
DNA quality and quantity, they were used for AFLP, DALP and SCAR analysis. 
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(A) (B) 
1 2 3 1 2 3 
mm g^ 
• 1 
Figure 3.1 P. ginseng DNA extraction by CTAB method (A) and Plant DNAZOL 
Reagent (B). Lanes 1 through 3 is from Jilin province Ji'an county, 
Liaolin province Xingbing county and Pochon, respectively. DNA 
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Figure 3.2 P. ginseng DNA extraction by potassium acetate/sodium dodecyl sulphate 
(SDS) method. DNA was extracted from four individual samples of each 
locality. Lane 1 to 4 is from Jilin province Ji'an county. Lane 5 to lane 8 is 
from Liaolin province Xingbing county. Lane 9 to 12 is from Kangwon. 
Lane 13 to 16 is from Pochon. Lane 17 to 20 is from Kanghwa. Lane 21 to 
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Figure 3.3. R quinquefolius DNA extraction by potassium acetate/sodium dodecyl 
sulphate (SDS) method. Samples are from different localities. Lane 1 to 4 is 
from four farms in British Columbia. Lane 5 is from Ontario of Canada. 
Lane 6 and 7 is two individuals from Wisconsin. Lane 8 and 9 is two farms 
from America. M is lambda Hind III marker. 
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3.6 Discussion 
Although the above three methods are commonly used in plant DNA extraction, 
their success varies depending on the species of the plants. Proteins, polyphenols and 
polysaccharides are the major contaminants in the DNA extraction. Measuring the 
absorbance ratios A260/A230 and A260/A280 can reflect the contaminants of proteins and 
polysaccharides/ polyphenols in the DNA preparation. If the ratio A260/A280 below 1.7, 
DNA was contamined with proteins. If A260/A280 is below 2, DNA was contamined with 
polysaccharides/ polyphenols. To circumvent these problems, these standard protocols 
were further modified in order to improve their performance. Here are some suggestions 
of modifications. 
The detrimental influence of polyphenols and their oxidation products can be 
counteracted by various strategies. Many extraction buffers contain (1) polyphenol 
absorbants such as bovine serum albumin (BSA) and soluble polyvinylpyrrolidone (e.g., 
PVP-40), usually at concentrations of 1 to 2 % (Couch 1990 and Milligan 1992); (2) 
phenoloxidase inhibitors such as diethyldithiocarbamic acid (DIECA) (Howland et 
a/.,1991) and (3) increase the concentrations of reducing agents (such as sodium bisulfite, 
cysteine, ascorbic acid, or p-mercaptoethanol). 
Other modifications of the basic technique concem the removal of 
polysaccharides, which might render DNA preparations highly viscous. The strategies 
are (1) increasing CTAB concentration in isolation buffer to exclude polysaccharides 
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(Doyle and Doyle 1990); (2) ammonium acetate precipitation (Rogers and Bendich 
1985); (4) inclusion ofbenzyl chloride in isolation buffer to react with hydroxyl residues 
in polysaccharides, cellulose, hemicellulose, etc. (Zhu et al., 1993); (5) reprecipitation of 
DNA in TE buffer containing 2 M NaCl and 2 volume of ethanol. During ethanol 
precipitation in the present ofhigh salt, many polysaccharides remain dissolved and are 
removed from the DNA preparation. 
Some methods co-remove polysaccharides and secondary metabolites. These 
methods involved differential solvent precipitation by using 2-butoxyethanol (2-BE) 
(Manning 1991) and CsCl centrifugation (Weising et aL, 1991). Recently, a method was 
developed to isolate genomic DNA from hard plant tissues such as dried rhizomes, roots 
and seeds (Fu et a/.,1998). These tissues are rich in the above mentioned contaminants 
and present in many Chinese herbal materials. The extraction buffer contain SDS, urea 
and high concentration of salts to allow the removal of polysaccharides, and PVP to 
remove polyphenolic compounds. The special feature of this method is by using dual-
speed centrifugation (a low-speed centrifugation for the first 15 min followed by a high-
speed centrifugation for the next 10 min) than single-speed centrifugation (a high speed 




Amplified Fragment Length 
Polymorphism (AFLP) analysis of 
P. ginseng and P. quinquefolius 
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4.1 Introduction 
Amplified Fragment Length Polymorphism (AFLP) technology is a powerful 
fingerprint technique that combines the technologies of restriction fragment length 
polymorphism (RFLP) and PCR (Vos et al., 1995). A schematic outline ofthe AFLP 
technique is illustrated in figure 4.1. There are three steps for the AFLP analysis. The 
first step (Figure 4.1.1) is restriction of the genomic DNA with two different restriction 
enzymes, generally a "rare-cutter", EcoR I (6 base pair cutter) and a "frequent-cutter", 
Mse I (4 base pair cutter). The reasons for using two restrictions are the following (Vos 
et al., 1995). First, the "frequent-cutter" will generate small fragments, which will 
amplify well and are in the optimal size range for separation on denaturing gels. Second, 
the number of fragments to be amplified is reduced by using "rare-cutter", since only the 
rare cutter/ frequent cutter fragments are amplified. This limits the number of selective 
nucleotides needed for selective amplification. Third, the use of two restriction enzymes 
make it possible to selectively label one strand of the double-stranded PCR products. 
After digestion, double-stranded adaptors (Figure 4.2A), EcoR I adapter and Mse I 
adaptor, are ligated to the ends of the restricted fragments. Adapters consist of a core 
sequence (CORE) and an enzyme specific sequence (ENZ) with cohesive ends at 5', 
which serve as a primer-binding site in the subsequent amplification steps. 
The second step of the AFLP procedure is amplification of subsets of restriciton 
fragments using selective AFLP primers (Figure 4.1.2). For this purpose, primers are 
used that correspond to the adapter and restriction site sequences and that have additional 
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selective nucleotides (EXT) (Figure 4.2B), at the 3’ ends extending into the restriction 
fragments. Adding selective nucleotides to the AFLP primers reduces the number of 
bands, with about 4-fold with each additional selective base (Vos et al., 1995). These 3' 
extensions assure that only a subset of the restriction fragments that match the 3, primer 
extensions are amplified. Two-step amplification strategy is employed rather than direct 
AFLP because it can reduce background ‘smears, in fingerprint patterns and sufficient 
amount of template is produced for subsequent amplification. Amplification is carried 
out in two consecutive steps, a first step called preamplification and a second step called 
selective amplification. In preamplification, one selective nucleotide at the ends of both 
primers is used for PCR. Appropriate portion of amplified products are used in selective 
amplification with primers having three selective nucleotides. At this step, EcoR I primer 
33 
is choosen to be labeled with y- P-ATP at 5，end which is used for polymorphic 
detection. 
The final step of the AFLP technique is the analysis of the fingerprints by using 
denaturing polyacrylamide gel electrophoresis (PAGE) to give higher resolution of the 
8 9 
bands (Figure 4.1.3). For plant having genomes ranging in size from 5 x 10 to 6 x 10 
bp, including tomato, com, soybean, cucumber, lettuce, barley, cotton, oilseed, rape, 
potato, sunflower, pepper, and brassica, approximately 50 to 100 bands are produced 
(Vos et al, 1995). 
The major advantages of using AFLP is that it does not require prior investments in 
sequence analysis, primer synthesis or characterization of probes. Primers with different 
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selective nucleotide combination at 3’ end of the core sequence allow the generation of 
different patterns and fingerprints from any origin or complexity. Different from other 
PCR-based fingerprinting methods, it is more reproducible because stringent reaction 
condition is used for primers annealing. Besides, the band patterns would not be affected 
by further thermo cycling because radiolabeled EcoR I primer is a limited factor but the 
unlabeled primer is in excess. Once the labeled primer is exhausted, amplification 
reaction would be stopped. It is insensitive to the template DNA concentration. AFLP 
fingerprint patterns are very similar using template quantities that ranged 1000-fold, i.e. 
from 25 ng to 25 pg, althought the fingerprints varying significantly in intensity and some 
bands may be absent when the template DNA is below 25 pg (Vos et al., 1995). Also, 
high resolution of polymorphism is detected by polyacrylamide gel electrophoresis 
(PAGE). 
Up to now, AFLP has been used for the construction oflinkage maps, as in 
Arahidopsis (Alonso-Blanco et al., 1998), barley (Becker et aL, 1995; Qi et al., 1998; 
Waugh et al., 1997) and potato (Van Eck et al., 1995); for marker saturation at specific 
genomic regions in barley (Buschges et aL, 1997), potato (Van Voort et al., 1997), rice 
(Maheswaran et aL, 1997) and tomato (Thomas et aL, 1997); for the analysis of genetic 
diversity in nematodes (Folkertsma et al., 1996) and for molecular phylogeny in potato 
(Kardolus et aL, 1998); for cultivar identification in barley (Ellis et aL, 1997) and in 
potato (Milboume et aL, 1997). We have used this technique to generate the DNA 
fingerprint pattem for distinguishing P. ginseng and P. quinquefolius from different 
localities and reveal their relatedness by using similarity index (S.L)- In addition, 
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desirable polymorphic bands were isolated for subsequent cloning and sequencing. In 
order to meet our need for rapid authentication, marker conversion was performed to 
simplify the authentication procedures and to obtain a more reliable and reproducible 
results. Basically, our marker conversion mean that desirable DNA markers were firstly 
generated and its sequence data was acquired for design primers and specific marker or 
banding pattem were produced through a simple PCR reaction from genomic DNA under 
a relatively high stringency. 
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V , 
AATTCAG AACTTA| >—— 
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3 Analysis by denaturing PAGE 
Figure 4.1 Schematic drawing of the AFLP procedure. The technique is divided into 
three steps. Restriction of genomic DNA to produce EcoRl-Msel fragments with 
its 5' protuding ends and two ds-adapters are ligated to the ends. 2. Ligated DNA 
are then undergone two steps amplification (preamplification and selective 
amplification). 3. Fragments with various length are produced and detected 
after polyacrylamide gel electrophoresis (PAGE). 
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Figure 4.2A. AFLP adapter sequence. Both ^coRI-adapter and Mse I-adapter consist 
of core sequence (CORE) and enzyme specific sequence (ENZ) which serve 
as primer-binding site for AFLP primers. 
EcoBl primer 
CORE ENZ EXT 
5,-GACTGCGTACC AATTC NNN 
Mse I primer 
CORE ENZ EXT 
5,-GATGAGTCCTGAG TAA NNN 
Figure 4.2B. AFLP primer sequence. Both £^coRI-adapter and Mse I-adapter consist 
of core sequence (CORE), enzyme specific sequence (ENZ) and selective 
nucleotide sequence (EXT) at 3' ends. By using different numbers or 
combination of selective nucleotide ^Sf), altered AFLP fingerprints 
are generated. 
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4.2 Materials and methods 
4.2.1 Plant materials 
Dried or fresh roots of Panax species were obtained from the following sources: 
P. ginseng samples were from China (Jilin province Ji'an county and Liaolin province 
Xingbing county) and Korea (Kangwon, Pochon, Kanghwa, Kumsan and Kimpo); P. 
quinquefolius were from farms in Ontario, British Columbia and Wisconsin. Samples 
were identified and deposited in the Chinese Medicinal Material Research Centre, the 
Chinese University ofHong Kong. 
Genomic DNA was extracted using the potassium acetate/ SDS method described 
in Section 3.3.4. 
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4.2.2 Choice ofPrimers and radiolabeling 
Primer labeling is performed by phosphorylating the 5, end of the EcoRL primers 
•32 -33 • with (y" P or y" P) ATP and T4 polynucelotide kinase. The choice of primer pairs were 
listed in Table 4.1. The primers were labeled in a final volume of 10 ^1 containing 1 X 
33 
T4 polynucleotide kinase buffer, 3.6 p,l EcoR[ primer, 2 i^l y P ATP (3 p,Ci/mmole, 10 
mCi/ml) and 10 U T4 polynucleotide kinase. The reaction was incubated at 37 °C for 
one hour and the kinase was heat inactivated at 70 °C for 5 min at the end of the reaction. 
The labeled primer solution was chilled on ice and centrifuged briefly. Then, it was 
mixed with 90 p,l Msel primer contained dNTPs to produce primers/dNTP mix for 
subsequent selective amplification. 
Table 4.1 AFLP primer combinations 
EcoR I primer (E) Mse I primer (M) 
E-AAA M-CTT  
— E-AAC M-CTT 
一 E-AAG MC-AA 
E-AAT 一 M-CTT 
~ E-ACA — M-CTT 
“ E-ACC — M-CAA 
— E-ACG M-CAA 
一 E-ACT — M-CTT 
— E-AGC M-CAT 
E-AGG — M-CTA 
E-AGG 一 M-CAA 
一 E-ATA M-CTT 
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4.2.3 AFLP assay 
GIBCO BRL AFLP Analysis System II was used according to manufacturer's 
instructions to perform AFLP fingerprinting. Briefly, 125 ng of genomic DNA was 
digested in 1 X reaction buffer [50 mM Tris-HCl (pH 7.5) with 50 mM Mg-acetate, 250 
mM K-acetate], 1.25 units/ p,l each of EcoR I and Mse I enzymes in a 12.5 p,l reaction 
volume. The reaction mixture was mixed gently and placed into a MJ PTC-100™ PCR 
thermocycler for one cycle of 37 °C for 2 hours, one cycle of 70 °C for 15 minutes for 
heat inactivation of restriction enzyme, and a 4 °C soak. Then, the mixture was ligated 
with 12 i^l adapter/ ligation solution containing EcoR I and Mse I adapters and 0.5 i^l of 1 
unit ligase in a final volume of 25 ^1. After incubation of the ligation mixture at 20 °C 
for 2 hours, it was diluted ten folds with TE buffer by mixing 10 ^1 of the mixture with 
90 i^l TE buffer. Preampliflcation reaction was carried out in a volume of 25 [d 
containing 5 i^l of the 10-fold diluted ligation mixture, IX PCR buffer plus Mg [ 200 mM 
Tris-HCl (pU 8.4), 15 mM MgCl2, 500 mM KC1], 20 i^l pre-amp primer mix (AFLP 
primer EcoR I+A, Mse I+C and dNTPs), 0.5 unit Taq DNA polymerase and overlaid 
with a drop of mineral oil. PCR amplification was performed in a MJ PTC-100™ 
thermal controller using the following cycling profile: 20 cycles of 94 °C 30 sec, 56 °C 1 
min and 72 °C for 1 min. A 20-fold dilution was done by taking 10 ^1 of the 
preamplification DNA mixture with 190 ^1 TE buffer. In selective amplification, the 
reaction was performed in 10 i^l volume containing 2.5 i^l diluted template DNA, 1 X 
PCR buffer plus Mg, 0.25 U Taq DNA polymerase, 2.5 ^1 primer/ dNTPs mix O r^epared 
in section 4.2.3) and overlaid with a drop of mineral oil. PCR amplification was 
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performed in a MJ PTC-100™ thermal controller using the following "touch down" 
cycling profile: one cycle of 94 °C for 30 sec, 65 °C for 30 sec, and 72 °C for 1 min; 
twelve cycles of subsequently lowering the annealing temperature (65�C) by 0.7 °C per 
cycle; twenty-three cycles of 94 °C 30 sec, 56 °C 1 min and 72 °C for 1 min; and soak at 
4 °C. After PCR, an equal volume (10 i^l) of formamide dye (98 % formamide, 10 mM 
EDTA, bromophenol blue, xylene cyanol) was added to each reaction. 
4.2.4 Electrophoresis of AFLP fingerprint 
Electrophoresis was performed on a 6 % denaturing polyacrylamide gel (50 cm 
long, 0.4 mm thick, acrylamide/ bisacrlyamide 19:1 and in 7 M urea). A sequencing 
reaction ofM13 DNA was done and run parallel to AFLP samples, which act as marker 
to estimate fragment size. All samples were started simultaneously in electrophoresis at 
constant temperature of 55 °C until xylene cyanol (slower dye) is two-thirds down the 
length of the gel. After electrophoresis, the gel was dried and autoradiographed with a 
Biomax MR film for 2 to 3 days. 
4.2.5 Similarity Index (S.I.) analysis of AFLP profile 
The bands were recorded as 0 (absent) or 1 ^)resent). The relatedness of the two 
Panax species from different localities were estimated by calculating the Similarity Index 
91 
(S.I.), the fraction of shared fragments between two samples, using the formula: 
S.L=2NxyyT^x+Ny, where Nxy is the number ofbands shared between two samples. Nx 
and Ny are the number ofbands present in samples X and Y, respectively. The value of 
S.I. range from 0 to 1 (^ei & Li, 1979). Only those clear and distinctive bands were 
scored. Vague and low intensity bands were excluded in the scoring process. 
4.2.6 Re-amplification of polymorphic DNA fragments isolated from dried 
sequencing gel 
DNA elution from dried sequencing gel was performed as description in Section 
2.11. With 1 ^ il of the DNA eluent as the template, a PCR amplification was performed 
as described above in a volume of 20 i^l using the same cycle profile and conditions as 
for the selective AFLP amplification, with the exception that 75 ng ofboth unlabeled 
AFLP primers were used. The re-amplified products were electrophoresed on 2 % TAE 
agarose gel, the bands excised, and the DNA purified using BIO 101 GENECLEAN® III 
kit. 
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4.2.7 Cloning and Sequencing of the AFLP fragments 
Modification of 3, hydroxyl ends of PCR products, cloning, transformation, 
plasmid preparation and screening of recombinants were carried out according to 
methods in Sections 2.4, 2.6, 2.7 and 2.8 respectively. 
Sequencing of the clones were carried out with T7 Sequencing kit (Pharmacia) 
following the manufacturer's instructions (Section 2.9.1). Electrophoresis was performed 
on a 6 % denaturing polyacrylamide gel (50 cm long, 0.4 mm thick, acrylamide/ 
bisacrlyamide 19:1 of 7 M urea) at a constant temperature of 55 °C. After 
electrophoresis, the gel was dried and autoradiography with a Biomax MR film for 2 to 3 
days. 
2.4.8 Conversion of AFLP marker into Directed Amplification of 
Minisatellite-region DNA polymorphism (DAMD) marker 
Based on the sequence data found in the P. ginseng polymorphic bands (Figure 
4.5), an oligonucleotide was designed corresponding to the sequence of 22 bp 
minisatellite 5，AGGACTCATCACATTGTTACTC for direct amplification of 
minisatellite region. Amplification of the DAMD was performed in a 20 ^1 volume 
containing 40 ng plant DNA, 1 X Taq buffer (10 mM Tris-HCl, pH 8.3; 50 mM KC1; 
0.001% gelatin), 0.125 mM dNTPs, 2.5 mM MgCl2 and 40 picomoles primer. Reaction 
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was carried out in an MJ PTC-100™ Thermolyne thermocycler using the cycling profile: 
95 °C for 3 minutes; following addition of 1 unit of Taq DNA polymerase; 94 °C for 4 
minutes; 30 cycles of94 °C for 45 second; 55 °C for 45 second; 72 °C for 30 second. 
After the amplification, the products were resolved by 2 % TBE agarose gel. 
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4.3 Results 
Different combinations of primers were used to reveal polymorphism between the 
two Panax species. Primer pair E-AGG/M-CAA was able to generate significant 
polymorphism in Figure 4.3 and 4.4 and was employed to analyse more individuals from 
various localities. The fingerprint profile of P. ginseng is given in Figure 4.3 and P. 
quinquefolius is given in Figure 4.4. Polymorphic bands are indicated by red arrows and 
the common bands shared between two species are represented by blue arrow. Individual 
polymorphisms are also obsevered. By caculating the S.I., the relatedness of the two 
Panax species from different localities are estimated. Samples of P. ginseng from 
different farms in China and Korea within P.ginsengs shows a high S.I. (0.88 to 0.99) 
which have almost identical in genetic composition (Table 4.2). On the other hand, P. 
quinquefolius from different farms appears to have heterogeneous genetic makeup with 
the S.I between 0.64 and 0.96 (Table 4.3). By studying the sequence of polymorphic 
bands ofboth species, one of the sequenced polymorphic bands obtained in P. ginseng 
(Kanghwa) showed eight repeats of 22 base pair minisatellite in the fragment of 200 bp 
(Figure 4.5). The minisatellite repeats sequence was not matched with entries in 
GeneBank. Using the 22 bp minisatellite sequence as a single primer for a PCR 
amplification from genomic DNA of two Panax species, a multiple fingerprint was 
obtained (Figure 4.6). Relatively large fragments were amplified ranged from 0.8 kb to 
1.8kb. Polymorphic bands are showed by white arrows. 
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Figure 4.3. AFLP profile of Panax ginseng obtained with primer pair E-AGGM-CAA. 
Two to four individuals from each locality are studied. Lanes 1 and 2 is from 
Jilin province Ji'an county. Lanes 3 and 4 is from and Liaolin province 
Xingbing county. Lanes 5 to 7 is from Kangwon. Lanes 8 to 10 is from 
Pochon. Lanes 11 to 13 is from Kanghwa. Lane 14 to 17 is from Kumsan. 
Lane 17 to 20 is from Kimpo. Red Arrows are polymorphric bands unique to 
P. ginseng. Blue Arrows represent the common bands of two Panax species. 
The asterisk indicated the sequence contained minisatellite repeat that was 
used for DAMD analysis. 
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Figure 4.4. AFLP profile of P. quinquefolius obtained with primer pair E-AGGM-CAA. 
Lane lis from Ontario. Lanes 2 and 3 is from two farms ofBritish 
Columbia. Lane 4 is from a farm in Canada. Lane 5 is from a farm in 
America and lane is from Wisconsin. Red arrows are polymorphric bands 






























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































1 2 3 4 5 
2 0.96 
3 0.89 0.88 
4 0.76 0.95 0.75 
5 0.72 0.75 0.72 0.72 
6 0.87 0.85 0.70 0.82 0.64 
Table 4.3 S.I. ofP. quinquefolius based on E-AGG/ M-CAA AFLP profile. Lane lis 
from Ontario. Lanes 2 and 3 is from two farms ofBritish Columbia. Lane 4 
is from a farm in Canada. Lane 5 is from a farm in America and lane 6 is 
from Wisconsin. 
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一 一 . � * * » • AFLP primer sequence (E+AGG) 
1 • 一 ."—•" 5' CTGCGTACC AATTC AGG 
•^mKttKKKK^ 
I 龜 � « J 3 B | ~ ~ I (CORE) (ENZ) (EXT) 
• -.^mm$m'm^':-1 1 
I : -~^ ^ …I 
i 
Figure 4.5. Minisatellite sequence obtained from P. ginsengpolymorphic band. 
The first and second repeats of5'-AGG ACT CAT CAC ATT GTT ACT C 
are shown. 
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M 1 2 3 4 5 6 7 8 9 M 
^ ^ H [ ^ ^ H 
^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ H 
^ ^ | | | m | | | ^ | | ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ 1600 bp 
^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ z^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^m^ ^^ ^^ ^^  
I ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ H 800 bp 
^M 
Figure 4.6. Directed Amplification Minisatellite-region DNA (DAMD) analysis 
of two Panax species using 22 bp minisatellite as primer. Lane 1 through 
4 is P. ginseng from Jilin province Ji'an county, Liaolin province 
Xingbing county, Kanghwa and Kimpo, respectively. Lane 5 through 9 
is P. quinquefolius from British Columbia, Ontario, Wisconsin and a 
farm in America, repectively. Arrows indicated the polymorphic bands. 
M is the 100 base pair marker (Pharmcia). 
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4.4 Discussion 
AFLP technique has two characteristics. First, the template DNA are restriction 
fragments. Second, AFLP primers contain a variable selective nucleotides at 3，end 
enable to selectively amplify a distinct set of restriction fragments. The numbers adding 
into 3’ end of the AFLP primer is flexible. By altering the numbers of selective 
nucleotides, AFLP fingerprint can be generated in almost any background or complexity. 
For example, primer with no or one selective nucleotide was used for molecular typing of 
bacterial (Lin et aL, 1996) and primer having seven to eight selective nucleotides was 
used for large-sized genome study on Alstroemeria spp. (Han et al., 1999). The 
technique is robust and reliable because optimal primer selectivity is obtained by using 
touch down PCR cycle. Annealing temperature is lowered gradually to a temperature at 
which efficient primer binding occurs and is maintained for the rest ofthe PCR cycles. It 
is also reproducible and reproducibility testing of AFLPs by a network ofEuropean 
laboratories has been done (Jones et aL, 1998). AFLP profiles are identical and highly 
reproducible among the seven European laboratories. This technique is very suitable for 
applications like biodiversity studies, analysis of germplasm collections ans genetic 
relationship studies. 
Although AFLP has many advantages for its application, it has also a number of 
limitations. First, informative fingerprints should be from complete digestion of genomic 
DNA. The digested fragments can be resolved on agarose gel to assure complete 
digestion is performed. Also, for a fingerprint generated from partial digestion, the shift 
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to more numerous larger fragments is evident. Second, AFLP fingerprints will share very 
few common fragments when sequence homology is less than 90 % (Janssen et al” 
1996). Third, high quality DNA, especially high molecular weight DNA is required. It is 
the major limiation for applying AFLP to analyze dried or processed Chinese medicinal 
material because intact genomic DNA is difficult to be acquired. 
Overall, the fingerprint is reproducible and different DNA preparation for analysis 
does not affect the pattem (data not show). Most plant DNAs are AT-rich and if the 
genome size is large, it is better to use AT-poor primers with which fewer bands will 
amplified (Qi and Lindhout 1997). By using primer pair E-AGGM-CAA, optimal 
numbers of fragments about 70 to 95 were obtained and distinct AFLP fingerprint was 
generated (Figure 4.3 and 4.4). In the fingerprint pattem, bands with different intensity 
were observed. Faint bands are caused by low amplification efficiency. It may have a 
secondary structure presented in DNA that causes a blockage on enzyme action. The 
copy number for the loci of faint bands may be lower than that of strong one. 
Polymorphisms detected by AFLP may be caused by single nucleotide change when 
either restriction site themselves or nucleotides adjacent to the restriction sites are 
affected, resulting the AFLP primers to mispair at the 3' end and preventing 
amplification. In addition, deletions, insertions and rearrangements affecting the 
presence or size of restriction fragments will lead to the polymorphisms as well (Vos and 
Kuiper et al.’ 1998). One of the polymorphic bands found in P. ginseng of Kanghwa 
^Figure 4.5) contain eight repeats of 22 bp-minisatellite. Minisatellite is a tandem repeats 
of a basic motif about 10 to 60 bp long. They are not randomly dispersed throughout the 
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genome but mostly located at the telomers. In addition, they are highly polymorphic in 
regard to the number of repeats at a particular locus. Possible mechanismsfor the present 
of minisatellite include replication slippage, transposition, recombinational events and / 
or unequal between sister chromatids at mitosis or meiosis or between homologous 
chromosomes at meiosis and gene conversion (Jeffreys et al., 1985). For the application 
of minisatellite tandem repeats, it can serve as a probe for hybridization based 
fingerprinting which can detect many highly variable loci simultaneously or using as a 
primer for PCR. 
Generally, there are three marker conversion methods are avaliable for rapid 
authentication. They are sequence tagged site (STS), inverse PCR (iPCR) and directed 
amplification of minisatellite-region DNA (DAMD). The first two methods based on 
sequence data of the fragment to design sequence-specific primers for PCR amplification. 
DAMD is also a PCR-based method by using an appropiate length of minisatellite 
sequence as single primer for PCR amplification. I will discuss STS in chapters 5 and 6. 
In fact, STS is the simplest method for marker conversion which is suitable for 
amplifying fragments with greater size such as RAPD products of 500 to 1500 bp. For 
AFLP, the size of amplified fragment ranged from 80 to 400 bp. To relatively large 
AFLP fragments, STS can be applied with minor modification (Qu et al., 1998). The 
diluted pre-amplified products were used as template instead of genomic DNA. The 
sequence-specific primers are designed from the desired fragment including the sequence 
of restriction site, selective bases and an additional short sequence 3, from the selective 
nucleotides for PCR amplification. Sometimes, interested fragments with less than 150 
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bp may be identified, including the 32 bp contributable to the EcoRl and Msel adapters 
(Bradeen and Simon 1998). It is unlike that appropiate PCR primers could be designed 
from such short DNA sequences or that the resulting PCR products could be 
distinguished by strandard agarose electrophoresis. Consequently, large size ofDNA 
sequence may be generated by inverse PCR (iPCR) to allow a more standardized and 
routine generation of sequence information outside of the AFLP fragment for analysis 
(Bradeen and Simon 1998). Genomic DNA is first digested and ligated under conditions 
that favor the formation of circular DNA molecular (Collins and Weissman 1984). iPCR 
amplifies these DNA sequence outside of a characterized region. From a known 
sequence, iPCR primers are designed such that the primers point away from each other 
into the unknown sequence. Then, it is possible to characterize restriction site patterns 
around the AFLP fragment of interest by Southern blotting using the cloned AFLP 
fragment as a probe. 
Our discovery of the 22 bp minisatellite in one of the R ginseng polymorphic 
bands drove us to use DAMD for marker conversion. It is a tool allow a rapid and easy 
authentication of Panax species rather than using iPCR and STS because STS requires 
sequence data of larger fragment and iPCR method is time consuming and labor 
intensive. DAMD is a single step PCR amplification. DAMD was firstly reported by 
Heath et al.’ 1993. Using minisatellite as single primer in PCR, fragments were 
amplified that showed little variation within a species, but did show differences between 
species. When the amplified fragments were used as probe with genomic DNA Southem 
blots they produced hypervariable single-locus or few-locus patterns in fish, birds and 
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humans (Heath et al., 1993). Minisatellite occurs in many diverse species of plants and 
animals (Ryskov et al., 1988), a portion of a minisatellite array may become inverted in 
orientation due to local inversions or other chromosomal rearrangements. Besides, if 
inversions have taken place so that single copy DNA was present between them, then 
PCR using a single minisatellite as primer may amplify sequence historically adjacent to 
highly variable loci. The application ofDAMD would thus produce RAPD-like results 
under higher stringencies, and yields highly reproducible result. Recently, DAMD-PCR 
has been applied for wheat cultivars identification and rice species identiflcaiton (Bebeli 
et aL, 1997; Zhou and Bebeli, 1997). By using this technique, multiple banding pattem 
was produced in all samples of P. ginseng and R quinquefolius that are differentiated by 
four polymorphic bands indicating by arrows (Figure 4.6). 
106 
Chapter 5 
Direct Amplification of Length 
Polymorphisms (DALP) analysis of 
P. ginseng and P. quinquefolius 
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5.1 Introduction 
Direct amplification of length polymorphisms (DALP) was developed by 
Desmarais and collaborators in 1998. DALP is able to amplify DNA markers without 
requiring construction of a genomic library or needing prior sequence knowledge for 
primer design. DALP uses oligonucleotides longer (usually 20-27 bp) than RAPD and 
consequently can take more stringent amplification condition, which includes a relatively 
higher annealing temperature and lower magnesium chloride concentration, to produce a 
more reproducible result. Also, as the primers are modified from the universal M13 
sequencing primers, desirable fragments could subsequently be easily rescued and 
sequenced with the same pairs of primer. 
The uniqueness ofDALP relies upon the specific design of primer pairs. The 
forward primer, called "Selective", shares the same 5, core sequence of the universal 
M13 sequencing primer and with additional bases (usually 2 to 5) at the 3’ end. The 
reverse primer called "Reverse"is a common M13 reverse primer. Different DALP 
fingerprinting patterns can be generated by combination of different "Selective" with the 
same "Reverse" primer. A typical DALP procedure is illustrated in figure 5.1. Each 
sample is subjected to two separate PCR reactions by alternative labeling of the two 
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primers. In "Selective" labeled amplification reaction (S), the "Selective" primer is -P 
labeled and amplified in combination with the unlabeled "Reverse" primer. In "Reverse" 
33 
labeled amplification reaction (R), the "Reverse" primer is -P labeled and amplified in 
combination with the unlabeled "Selective" primer. After undergoing high stringency 
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amplification, products from two PCR reactions of the same sample are resolved in 
parallel on denaturation polyacrylamide gel electrophoresis to identify bands that possess 
the same primers at both ends, from those that possess two different primers at the both 
ends. A band of same size in both lanes R and S of the same sample indicates it is 
amplified by the two primers; a band only appears in one lane (R or S) indicates it is 
amplified by one primer. Bands amplified by both primers are considered for either a 
common band or polymorphic band between different samples. The polymorphic bands 
would be considered for analysis and subsequently sequence with the same primer pairs. 
Using this technique, Desmarais and collaborators have successfully detected the 
polymorphism from different classes of organisms (vims, vertebrate and invertebrate, 
etc); different species of mussels {Mytilus galloprovincial and M. edulis) and gulls {Larus 
cachinnans and L. audouinic); intra and inter subspecies in mice (Mus spretus, M. 
musculus domesticus and M. m. musculus) (Figure 5.2) (Desmarias et al., 1998). In the 
last case, inter-individual length variation, including microsatellite polymorphism is also 
detected. We have used this technique to generate the DNA fingerprint pattem for 
distinguishing Panax ginseng and P. quinquefolius. Desirable polymorphic bands are 
isolated for direct sequencing. Based on the sequence data, DALP markers are converted 
into sequence tagged sites (STS) which can be used for quick PCR analysis. 
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众 
f j " ^ G e n o m i c DNA 
jJ Denaturation 
3， 5， 5， 3， 
Alternative labeling reaction and annealing 
"Selective" labeled amplification reaction "Reverse" labeled amplification reaction 
^^^^^^^^ 3^ ^^§ E^^^^ ^^^ ^^  
5'-GTTTTCCCAGTCACNNNN 5'-AACAGCTATGACCATGA 
Core sequence: M13 reverse primer 
Universal M13 sequencing primer 
3 3 _ p . 3 ， ™ ± 5， 
^^^^^^^^3 ^^ ^ 1^  j 
3， 5 ， W 5， T : S 3 ' 
5， — 3 ' f ^ 3 � P 
CPCR extension ^ ^ 
<:::^ 
Analysis by denaturing 
11 PAGE 
Sample 1 Sample 2 • 
S R S_R • Common band shared by both samples 
and with different primers at both ends 
一 口 口 口 Polymorphic band, with different primers 
— at both ends 
— —Band with same primer at both ends 
• • • • 
口 口 S: "Selective" labeled amplification reaction 
R: "Reverse" labeled amplification reaction 
Figure 5.1. Schematic drawing ofDALP procedures. During PCR amplification, genomic 
DNA is denatured and annealed with a ^^P-labeled primer ("Selective"or "Reverse") in 
two separated reactions. The polymorphism is detected by denaturing polyacrylamide 
gel electrophoresis to sort out bands processing the same primer at both ends (一) from 
those possessing two different primers at both ends (画 or • ) . 
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(Mite) (Mussels) (Birds) (Fish) 
Ambliseus Mytilus Lams Barbus 
califomicus galloprovincialis intermedius 
亡 也 " 5 cachinnans audouinii 
2 3 4 5 1 2 3 4 1 2 1 2 3 1 2 3 4 5 
1 1 
: : : i i l i i i i ! 
Figure 5.2. Multi-locus amplification on various species. DNA firom various species was 
used to produce discrete analysable bands. Lti the mite, fish and mussels 
many polymorphic loci can be seen. Li birds only inter-specific differences 
can be observed. (Adopted from Desmarias et al., 1998) 
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5.2 Materials and methods 
5.2.1 Plant materials 
Dried or fresh roots of Panax species were obtained from the following sources: 
P. ginseng samples were from China (Jilin province Ji'an county, Liaolin province 
Xingbing country and Xinkiahe county) and Korea (Kangwon, Pochon, Kanghwa, 
Kumsan and Kimpo); P. quinquefolius were from farms in Ontario, British Columbia 
and Wisconsin. Samples were identified and deposited in the Chinese Medicinal 
Material Research Centre, the Chinese University ofHong Kong. 
Genomic DNA was extracted using the potassium acetate/ SDS method described 
in Section 3.3.4. 
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5.2.2 Choice ofPrimers 
Each P C R reaction was carried out with a combination of one of the "Selective" 
primers listed in Table 1 and the "Reverse" primer. New patterns can be generated by 
modification ofbases at the 3, of primer. Thymine at the last two 3’ bases and 
repetitive structure such as A C G A C G A C at the 3，end were avoided to generate less 
specific and weak siginals (Desmarias et al., 1998). The primers were labeled in a final 
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volume of20 ^ il containing 50 pmoles primer, 1 ^il P ATP (3 ^ iCi/mmole, 10 mCi/ml), 
10 U T4 polynucleotide kinase and 1 X T4 polynucleotide kinase. The reaction was 
incubated at 37 °C for 30 minutes to one hour and the kinase was inactivated at 70 °C for 
5 min at the end of the reaction. 
Table 5.1. Sequences of DALP primers. 
Primer sequences 
Reverse primer 
D A L P R 5， T T T C A C A C A G G A A A C A G C T A T G A C 
DALPR1 5, A A C A G C T A T G A C C A T G A 
Selective primers 
DALP001 5，GTTTTCCCAGTCACGAC G C 
DALP002 5, G T T T T C C C A G T C A C G A C A A T 
DALP003 5，GTTTTCCCAGTCACGAC C A C 
DALP004 5' G T T T T C C C A G T C A C G A C C G A 
DALP005 5' G T T T T C C C A G T C A C G A C T C A G 
DALP006 5, G T T T T C C C A G T C A C G A C A G C T 
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5.2.3. Alternative labelled Amplification reaction 
In "Selective" labeled amplification reaction, 20 ^il reaction solution contained 
50-100 ng D N A , 2.5 pmoles oflabeled "Selective" primer, 7.5 pmoles of unlabeled 
“Reverse” primer, 100 ^ iM dNTPs, 1.75 m M MgCl2, 1 X Taq buffer and 0.5 U Taq D N A 
polymerase. In "Reverse" labeled amplification reaction, 20 ^il reaction solution 
contained 50-100 ng D N A , 2.5 pmoles of unlabeled "Selective" primer, 7.5 pmoles of 
labeled "Reverse" primer, 100 ^ M dNTPs, 1.9 m M MgCl2, 1 X Taq buffer and 0.5 U Taq 
D N A polymerase. PCR amplification was performed in a MJ PTC-100™ thermal 
controller using the following cycling profile: 95 °C 2 min; 34 cycles of 91 °C 30 sec, 55 
°C 30 sec and 72 °C for 1 min. 
5.2.4 Electrophoresis of the multi-locus amplification products 
Electrophoresis was performed on a 6% denaturing polyacrylamide gel (50 cm 
long, 0.4 m m thick, acrylamide/ bisacrlyamide 29:1 and in 7 M urea). The samples were 
mixed with 10 ^il 100 % formamide loading dye and heated for 5 min at 95 °C before 
loading to the gel. All samples were started at the same time and run for 4 to 5 hours and 
about 300 to 800 bp could be resolved. After electrophoresis, the gel was dried and 
autoradiographed with a Biomax M R film for 2 to 3 days. 
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5.2.5 Isolation and Re-amplification of polymorphic DALP fragments from 
dried sequencing gel 
D N A was eluted from dried sequencing gel as described in Section 2.11. One ^il 
ofthe supernatant was used as the template in a PCR re-amplification in a final volume of 
20 ^il containing 10 ^ iM original primer pairs listed in table 1, 100 ^ iM dNTPs, 4 m M 
MgCl2, 1 X Taq buffer and 0.5 U Taq D N A polymerase. PCR amplification was 
performed using the cycling profile of95。C 2 min; 34 cycles of91 °C 30 sec, 55 °C 30 
sec and 72 °C for 1 min. The re-amplified products were electrophoresed on 1.5 % 
agarose gel and purified from the gel using BIO 101 GENECLEAN® III kit as described 
in Section 2.3. 
5.2.6 Cloning and Sequencing 
The 3' hydroxyl termini of the purified DALP fragments were modified as 
described in Section 2.4. Twenty-five ng of modified DALP products was ligated to 100 
ngXma V BAP pUC 18 vector. Transformation, screening of recombinants and plasmid 
preparation were carried out according to the description in Sections 2.6 and 2.8. 
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Sequencing of the clones or reamplified PCR products were carried out with 
Cycle Sequencing Kit (Pharmacia) following the instructions of the manufacturer 
(Section 2.9.2). Electrophoresis was performed on the 6 % denaturing polyacrylamide 
gel. The samples were heated for 5 min at 90。C before loading. The gel was run at a 
constant temperature of 55 °C, dried and autoradiographed with a Biomax M R film for 1 
to 2 days. 
5.2.7 Conversion ofDALP marker to Sequence Tagged Site (STS) marker 
Specific primers were designed (Table 5.2) based on the polymorphic DALP 
fragments of interest generated by the DALP001 and DALPR1 primers. According to the 
636 
sequence of the R ginseng polymorphic band (Pg ) (Figure 5.13) and P. quinquefolius 
polymorphic band (Pq^ ^^ ) (Figure 5.14), specific primers (Pg.F and Pg.R) and (Pq.F and 
Pq.R) were designated respectively. Primers are 24 nucleotide long. Pg.F and Pq.F 
contain the DALP001 primer while Pg.R and Pq.R contain DALPR1. 
Amplification was performed in a 20 ^il volume containing 40 ng plant D N A , 1 
X Taq buffer, 0.1 m M dNTPs, 4 m M MgCl2 and 1.25 ^ iM of each primers. Reaction was 
carried out in the MJ pTC-i。。™ Thermolyne thermocycler using the following cycling 
profile: 95 °C for 3 min; following addition of 0.5 unit of Taq D N A polymerase; 95 °C 
for 2 min; 30 cycles of91 °C lmin, 70 °C 2 min (for primers Pg.F and Pg.R) or 60 °C 
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(for primers Pq.F and Pq.R) lmin and 72 °C 1 min 30 sec. After the P C R reaction, the 
products were resolved by 1.5 % TBE agarose gel. 
Table 5.2. Sequence-specific primers designed based on 
polymorphic bands of the two Panax species. 
Primer Primer sequences 
Pp^ 5' GCG TCC CAC TGA CCC TTT TGT ACA 
Pg.R 5，ACA G C T A T G A C C A T G A T G C A A C A T C 
Pq.F 5 ‘ GTT TTC C C A G T C A C G A C G C G T T G A 
Pq.R 5' A A C A G C T A T G A C C A T G A T TTC C A C 
Remarks: Pg primers were designed from the sequence of the polymorphic band in P. 
ginseng (Jilin province Ji'an county and Kangwon). Pq primers were 




Ten primer pairs were screened for their ability to generate D A L P fingerprints 
among Panax species P. ginseng and P. quinquefolius from different localities. 
Difference in annealing temperatures, primer length and primer ratio of "Selective" to “ 
Reverse" primer were adjusted to optimize the condition. Four out of the ten fingerprints 
(Figure 5.3 to 5.6) are generated by different combinations of"Selective" primers with 
the same "Reverse" primer (DALPR) listed in Table 5.1. The primer ratio is 1 to 1 (2.5 
pmole ofboth primers were used in the amplification reaction) and reaction was 
performed at 50 °C annealing temperature. In these fingerprints, more D N A bands were 
amplified in "Selective" amplification than that in "Reverse" amplification reaction. 
Also, few polymorphic bands were observed by these primer combination and their 
fingerprints were nearly identical. In order to acquire a better fingerprint for analysis, 
another "Reverse" DALPR1 primer was employed (Table 5.1). Six out of ten 
fingerprints are generated by using this DALPR1 primer in combination with different 
"Selective" primers (Figure 5.7 to 5.12). The changes of the primer ratio to 1 to 3 ratio 
("Selective" to "Reverse" primer) and the increase of annealing temperature to 55 °C, can 
»* 
generate better and analysable fingerprints. Primers DALP001 and DALPR1 can 
generate a distinct and clear fingerprint (Figure 5.12). Polymorphic bands ofboth Panax 
636 238 
species (Pg and Pq ) were isolated for sequencing (Figure 5.13 and 5.14). 
In order to establish a quick method for authentication, specific primers based on 
the whole sequence of the two DALP markers were made. For primers (Pg.F and Pg.R) 
118 
636 
generated from the P. ginseng polymorphic band (Pg ), a PCR product of 636 bp with 
the same molecular size as the original DALP marker was amplified from various P. 
ginseng samples but no PCR product was found in P. quinquefolius (Figure 5.15). 
However, for primers (Pq.F and Pq.R) designed from the P. quinquefolius polymorphic 
238 
band (Pq )，amplification products of the same size, 238 bp, were produced in both 
Panax species. 
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Figure 5.3. Acrylamide gel electrophoresis of ginseng genomic D N A amplified with 
"Selective" primers DALP001 and D A L P R in the ratio of 1:1. The annealing 
temperature for PCR reaction was 50 °C. Each sample consists of two 
separated reactions (S & R) and were run parallel on denatured PAGE. S 
represents a "Selective" labeled amplification reaction containing 
radiolabeled "Selective" primer in combination with unlabeled "Reverse" 
primer. R represents "Reverse" labeled amplification reaction contained 
radiolabeled "Reverse" primer in combination with unlabeled "Selective" 
primer. Lane 1 to 7 is P. ginseng from Jilin province Ji'an country, Liaolin 
province Xingbing country, Kangwon, Pochon, Kanghwa, Kumsan and 
Kimpo respectively. Lane 9 to 12 is P. quinquefolius from three different 
farms ofBritish Columbia, lanes 13 to 15 is from Ontario, America and 
Wisconsin respectively. 
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Figure 5.4. Acrylamide gel electrophoresis of ginseng genomic D N A amplified with 
"Selective" primers DALP002 and D A L P R in the ratio of 1:1. The annealing 
temperature for PCR reaction was 50 °C. Each sample consists of two 
separated reactions (S & R) and were run parallel on denatured PAGE. Lane 
1 to 6 is P. ginseng from Jilin province Ji'an county, Liaolin province 
Xingbing county, Kangwon, Pochon, Kanghwa and Kumsan respectively. 
Lane 7 and 9 is P. quinquefolius from different farms ofBritish Columbia, 
lanes 10 to 12 is from Ontario, a farm in America and Wisconsin 
respectively. 
122 
1 2 3 4 5 6 7 8 9 10 11 12 13 
R S R S R S R S R S R S R S R S R S R S R S R S R 
iil I ii 
j U l ! | l ? w 辩 ; : ， " 賽 | 
t - ' l | l f l f = 多 季 … 圣 醫 ？ ^ 各 學 结 禱 二 箱 -也：• ； e i : 4 m: • t 2 - . ^  二. 
^ ^ 舊 胃 寒 雪 霍 奮 _ 1 書霧冒籌！ 轉 二 — — . . 二 一 , . 辦 麵 “ 
• I f f f i i l t | H f f i ? » i i - M f 
i i f i f i i i i i i i i i i i M | i f i i i i 
m挪’m镛m _ “ _ 春 ^ m _ m • 狐 麵 . 看 ‘ . ' « • 
# _ 1 二 1 = _ 垂 _ ^ - T W - ,i_’. 
_ m 臂 . « • 塞 m - 書 ^ ， .... * 、 ^ , ,麵 ？- '•••• _ t? _ 1g • 蠢 冒 _ • 餐 s • ‘ ” • 一 秦 . • ' 
i l t f f i i H i i f i i ! | i i i i i i i > i 
‘:姑 gp — 二 mm 等 
藥 街 1 Z • 1 _ —粉書 .丨：-^  m m .斤 \ . m «-« ^ 
ja • ‘ • .¢: • •"" 一 
m .r她金 • - iL 麵 擎 m - 暴 条 m m _ - _ -
Figure 5.5. Acrylamide gel electrophoresis of ginseng genomic D N A amplified with 
"Selective" primers DALP003 and D A L P R in the ratio of 1:1. The annealing 
temperature for PCR reaction was 50 °C. Each sample consists of two 
separated reactions (S & R) and were run parallel on denatured PAGE. Lane 
1 to 7 is P. ginseng from Jilin province Ji'an county, Liaolin province 
Xingbing county, Kangwon, Pochon, Kanghwa, Kumsan and Kimpo 
respectively. Lane 8 and 10 is P. quinquefolius from different farms of 
British Columbia, lanes 11 to 13 is from Ontario, a farm in America and 
Wisconsin respectively. Arrows are P. ginseng polymorphic bands. 
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Figure 5.6. Acrylamide gel electrophoresis of ginseng genomic D N A amplified with 
"Selective" primers DALP004 and DALPR in the ratio of 1:1. The annealing 
temperature for PCR reaction was 50 °C. Each sample consists of two 
separated reactions (S & R) and were run parallel on denatured PAGE. Lane 1 
to 7 is P. ginseng from Jilin province Ji'an county, Liaolin province Xingbing 
county, Kangwon, Pochon, Kanghwa, Kumsan and Kimpo respectively. Lane 
8 and 11 is P. quinquefolius from different farms ofBritish Columbia, lanes 12 to 14 is fromOntario, a farm in America and Wisconsin respectively.
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Figure 5.7. Acrylamide gel electrophoresis of ginseng genomic D N A amplified with 
"Selective" primers DALP002 and DALPR1 in the ratio of 1:3. The 
annealing temperature for P CR reaction was 55�C. Each sample consists of 
two separated reactions (S & R) and were run parallel on denatured PAGE. 
The samples are the same as Figure 5.5. 125 
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Figure 5.8. Acrylamide gel electrophoresis of ginseng genomic D N A amplified with 
"Selective" primers DALP003 and DALPR1 in the ratio of 1:3. The 
annealing temperature for PCR reaction was 55 °C. Each sample consists of 
two separated reactions (S & R) and were run parallel on denatured PAGE. 
The samples are the same as Figure 5.5. 
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Figure 5.9. Acrylamide gel electrophoresis of ginseng genomic D N A amplified with 
"Selective" primers DALP004 and DALPR1 in the ratio of 1:3. The 
annealing temperature for PCR reaction was 55 °C. Each sample consists of 
two separated reactions (S & R) and were run parallel on denatured PAGE. 
Lane 1 to 7 is F. ginseng from Jilin province Ji'an county, Liaolin province 
Xingbing county, Kangwon, Pochon, Kanghwa, Kumsan and Kimpo 
respectively. Lane 8 and 9 is P. quinquefolius from different farms ofBritish 
Columbia, lanes 10 to 12 is from Ontario, a farm in America and Wisconsin respectively. 
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Figure 5.10. Acrylamide gel electrophoresis of ginseng genomic D N A amplified with 
"Selective" primers DALP005 and DALPR1 in the ratio of 1:3. The 
annealing temperature for PCR reaction was 55 °C. Each sample consists 
of two separated reactions (S & R) and were run parallel on denatured 
PAGE. The samples are the same as Figure 5.9. 
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Figure 5.11. Acrylamide gel electrophoresis of ginseng genomic D N A amplified with 
"Selective" primers DALP006 and DALPR1 in the ratio of 1:3. The 
annealing temperature for PCR reaction was 55 °C. Each sample consists 
of two separated reactions (S & 尺)and were run parallel on denatured 
PAGE. The samples are the same as Figure 5.5. The closed arrows 
indicated the polymorphic bands of R ginseng and opened arrows indicated 
the polymorphic bands of P. quinquefolius. 
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Figure 5.12. Acrylamide gel electrophoresis of ginseng genomic D N A amplified with 
“Selective，’ primers DALP001 and DALPR1 in the ratio of 1:3. The 
annealing temperature for PCR reaction was 55 °C. Each sample consists 
oftwo separated reactions (S & R) and were run parallel on denatured 
PAGE. The samples are the same as Figure 5.5. The closed arrows 
indicated the polymorphic bands of P. ginseng and opened arrows indicated the polymorphic bands of P. quinquefolius. The asterisk rep esented the cloned fragments. 
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(Pg.F) 10 20 30 40 50 60 
5‘ CGCTCCCACT GACCCTTTTG T A C A C A C T A G G T T C A T T C T T A T T G C T G A T A A A A T C A A A C T 
70 80 90 100 110 120 
C T T T T G A T T T A T T T C A T C A A A G C G A A T G T T C C A T T T T T G A G A A G C T T G C T T C A G T C C A T T 
130 140 150' 160 170 180 
C C T C T G A G T G T C T A C A A C T C T T A C C T C A T G T A A C T G G A T C A T C A T C T T C T G T G A T G T G T A 
190 200 210 220 230 240 
C C T C A T C A ^ C A T C A ^ C A T C T A T A A T G A A T C C A T A C C T C C T A G G T A T C G T C G G T A T T A T T C 
250 260 270 280 290 300 
T A G A T T T A C G A T T C G G T T G T G G T G C A A T A G G T C T A T C T A C A G G T T C C T C T T A T T T G A C T T 
310 320 330 340 350 360 
A T A G T G T T T T G T G G T T C T T G A A C T C T T C A A G A T C T A T T A T C C T C C C A C T A G C C C C T T T A A 
370 380 390 400 410 420 
T G A T A A A C A C C T T T A T C T T A G A A G G T A G T G T G T T T C A C A A T A A A C A C C T T T T G C T A A G T A 
430 440 450 460 470 480 
G G A T T A T A G A G A C A T T G A G G T C A G C C A C G T A T T G C C A C A C C C A T T C T G T A G G G G T A T T T A 
490 500 510 520 530 540 
C G A G C A G T T T G G T C T T G C T G T A T G T G T G G T T C A T G T C A C A C T T G A G A C T G A T T G G C A T A T 
550 560 570 580 590 600 
T C T G A C G T C A T G G G T A C T A T T T T T C C C A T G A G A T A G C C A T G T C T T A C T C T T T T C A G C C A G 
610 620 630 (Pg.R) 
C G T A G T G T A C A G A T G T T G C A TCATGGTCAT AGCTGT 3‘ 
Figure 5.13. Sequence of the polymorphic band of P. ginseng (Pg^ ^^ ). The sequence 
of the sample of Jilin province Ji'an county is identical to that ofKangwon. 
Total length of the fragment is 636 bp. The trinucleotide microsatellite 
(CAT) repeats are shaded. DALP primer sequences (DALP001 and 
DALPR1) are in bold. Designed primers Pg.F and Pg.R for STS analysis are 
underlined. 
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(Pq.F) 10 20 30 40 50 60 
5‘ GTTTTCCCAG TCACGACGCG T T G A T A T T A T G G A A A T T G A T G T C C A A T C T A A A A A G A G A A G 
70 80 90 100 110 120 
A T T T A A C G A T G A C G G G A A G A C G T C G G C A G C A G C A T C A G C A C C A T C A A C C A A A T T C T A G G G 
130 140 150 160 170 180 
GAA.GAGCAAC G A T C G C C A G T T A G A T G C T A C A G A T G T G G A G A G G A G G G A C A T A T A A G G T C A 
190 200 210 220 230 (Pq.R) 
A A C T G T T C A A A G C C T T C C A A G G T A T G T T T T A G T T G T G G A A ATCATGGTCA TAGCTGTT 3‘ 
238 
Figure 5.14. Sequence of the polymorphic band sequence in P. quinquefolius (Pq ) 
isolated from the sample in British Columbia. Total length of the fragment 
is 238 bp. DALP primer sequences (DALP001 and DALPR1) are in bold. 
Designed primers Pq.F and Pq.R for STS analysis are underlined. 
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Figure 5.15. STS analysisusing primers Pg.F and Pg.R. Lane 1 through 8 is P. ginseng 
from Jilin province Ji'an county, Liaolin province Xingbing county, 
Kangwon, Pochon, Kanghwa, Kumsan and Kimpo respectively. Lane 9 
through 13 is P. quinquefolius from three farms in British Columbia, 
Ontario, Wisconsin and a farm in America, respectively. M is the 100 base 
pair marker (Pharmcia). 
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M 1 2 3 4 5 6 7 8 9 10 11 12 13 M 
^m 
^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ H 800 bp 
l^^D^bP 
.i • 
Figure 5.16. STS analysis using primers Pq.F and Pq.R. Lane 1 through 8 is P. ginseng 
from Jilin province Ji'an county, Liaolin province Xingbing county, 
Kangwon, Pochon, Kanghwa, Kumsan and Kimpo, respectively. Lane 9 
through 13 is P. quinquefolius from farms in British Columbia, Ontario, 




Compared to R A P D and AP-PCR, the multi-locus amplification by DALP is more 
reproducible because the higher stringency of reaction and longer primers used. In this 
study, it has found that distinctive fingerprints cannot be obtained by using primer 
DALPR. A shorter primer DALPR1 with 17 bp was employed instead to increase 
binding sites (Figure 5.7 to 5.12). Annealing temperature was increase to reduce 
background smearing. Also, the ratio of"Selective" to "Reverse" primers was decrease 
to solve the problem of unbalanced numbers ofbands amplified in the "Selective" labeled 
amplification reaction (Figure 5.3 to 5.6) due to the lower affinity of"Reverse" primer to 
the D N A . 
In principle, bands amplified by DALP can be directly sequenced with the 
original reverse and selective primers. However, not all the bands were successfully 
sequenced in our hand. There are several reasons. Firstly, when the band was excised 
from the gel, more than one band was present. This may be due to the comigration of 
bands in the gel. Secondly, some of the fragments may contain with identical end. 
The markers Pg^ ^^  and Pq^ ^^  were subjected to GeneBank analysis. For Pq^^^, no 
plant proteins are found. Pg^ ^^  contains five copies of trinucleotide microsatellite repeat 
C A T in nucleotide position from 184 to 198 (Figure 5.13). Microsatellites are tandem 
repeat of a few basic pairs and distribute over all the chromosomes. The C A T repeats are 
AQ ¢^ 
present both in animal and plant genomes. Comparing the nucleotide sequence Pg 
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translated in all reading frames against the protein sequence database of GeneBank, it is 
found that the amino acid sequence translated from the complementary strand from 
nucleotides 2 to 62 and 70 to 115 showed homology of71 % and 80 % respectively to 
reverse transcriptase of Petroselinum crispum. Both Panax species and Petroselinum 
crispum belong to the order of Umhellales. 
To sum up, the approach ofDALP has several appreciations. This method has 
been shown to generate high resolution of fingerprinting profiles and is effective in 
producing polymorphic markers in vertebrates, invertebrates and viruses. No prior 
knowledge of the flanking region of the loci is required. It is also useful for defining 
sequence tagged sites as shown in Figure 5.15 and 5.16. By conversion ofDALP marker 
to STS marker, it is easy and fast to obtain results and to handle large numbers of 
samples. However, in comparison to AP-PCR and RAPD, more time and effort have to 
be spent in screening suitable primer pairs as well as in optimizing the primer ratio, to 




region (SCAR): the sequel of 
random amplified polymorphic 
D N A (RAPD) 
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6.1 Introduction 
Polymorphic bands generated from random-primed PCR method (e.g. RAPD, AP-
PCR) are good starting point for sequence-characterized amplified region (SCAR). Pairs 
ofoligonucleotide primers of20 to 25 base pairs specific to the sequence of polymorphic 
bands can be used to amplify the characterized regions from genomic D N A under 
conditions more stringent to that in random primed PCR. The polymorphism generated 
can be dominant or co-dominant. Dominant polymorphism refers the presence or 
absence ofbands. Co-dominant polymorphism may either display as length 
polymorphisms or restriction fragment polymorphism ofPCR products (Mair et al., 
1996). Comparing to RAPD, SCAR marker are much more reproducible, and straight 
forward for data interpretation. 
• 
SCAR analysis has successfully led to map and tag a number of disease or pest 
resistance genes. For examples, the markers have been used to characterize barley 
powdery mildew {Erysiphe graminis f. sp. hordei) (McDermott et al., 1994) and downy 
mildew resistance in lettuce (Paran and Michelmore, 1993), to identify a nematode 
resistance gene, Mi (Williamson et al., 1994) and tomato mosaic virus (ToMV) resistance 
gene Tm-1, both in tomato (Ohmori et al., 1996), to screen the Dn2 gene conferring 
resistance to the Russian wheat aphid {Diuraphis noxia Mordvilko) in a set of near-
isogenic lines (Myburg et aL, 1998) and to land a gall midge resistance gene, Gm4t in 
rice (Mohan et al., 1997). Genetic maps have been constructed based on various markers 
including SCAR in Quercus rohur L. ^ )edunculate oak) for studying the molecular 
organization of genomic regions involved in inter- and intra specific differentiation, and 
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for the identifcation ofQuantitative Traits Locis for adaptive traits (Barreneche et al., 
1998). S C A R markers have been used in pea {Pisum sativum L.) to identify markers 
linked to genes affecting plant architecture (Rameau et al., 1998). SCAR markers 
facilitate efficient selection towards of desirable breeding characters, e.g. D N A markers 
linked to the locus controlling flower doubleness in carnation {Dianthus caryophyllus) 
(Scovel et al., 1998), the seedlessness grape (Lahogue et aL, 1998), the aluminum 
tolerance gene Alt 1 in rye {Secale cereale L.) (Gallego et aL, 1998), and the markers 
linked to the male sex in dioecious hemp {Cannabis sativa L.) (Mandolino et al., 1999). 
Prior to initiation of the current investigation, our laboratory has successfully 
authenticated Chinese medicinal herbal samples Panax, Taraxacum, Elephantopus, 
Acorus, Cremastra, Dysosma, Epimedium and commercial ginseng products by applying 
RAPD, AP-PCR and other molecular techniques (Cheung et al., 1994; Shaw and But et 
al., 1995; Cao et aL, 1996a, b; Ngan, 1997; Ngan et aL, 1998). To further improve the 
reliability and robustness of the authentication of ginseng and American ginseng, we 
have conducted SCAR study based upon the R A P D polymorphic band of P. 
quinquefolius amplified from OPC20 primer. 
/ � 
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6.2 Materials and methods 
6.2.1 Plant materials 
Dried or fresh roots of Panax species were obtained from the following sources: 
R ginseng samples were from China (Jilin province Ji'an county, Liaolin province 
Xingbing country and Xinkiahe county) and Korea (Kangwon, Pochon, Kanghwa, 
Kumsan and Kimpo); P. quinquefolius were from farms in Ontario, British Columbia 
and Wisconsin. R notoginseng (Burk), F.H.Chen was from China; P. japonicus major 
was from China and P. japonicus was from Japan and P. trifolius was from USA. 
Adulterants Mirahilis jalapa L. (MJ) and Phytolacca acinosa Roxb (P.A) were from 
Hong Kong. Samples were identified and deposited in the Museum of the Chinese 
Medicinal Material Research Centre, the Chinese University ofHong Kong. 
Genomic D N A was extracted using the potassium acetate/ SDS method described 
in Section 3.3.4. 
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6.2.2 PCR reaction 
R A P D was performed in a 25 ^il solution containing 10-25 ng plant D N A , 0.1 
m M dNTPs, 0.2 ^ M primer, IX Taq buffer (10 m M Tris-HCl, pH 8.3; 50 m M KC1; 
0.001% gelatin), and 0.5 units of Taq polymerase. Reaction was taken place in a 
Thermolyne thermocycler through 45 cycles of 94 °C, 1 min; 36 °C, 2 min; 72 °C, 2 min. 
The PCR products were resolved by 1.5 % TBE gel. 
Specific SCAR primers (Table 6.1) were synthesized based on the R A P D A G 
sequence in (Figure 6.2). Amplification of the SCAR was performed in a 25 ^il volume 
containing 40 ng plant D N A , 1 X Taq buffer, 0.1 m M dNTPs, 2 m M MgCl2, 1 m M of 
each primer and 1 unit of Taq D N A polymerase. The cycling profile used was: 40 cycles 
of91 °C lmin; 56 °C (for primers SCAR.F and SCAR.F or SCAR.F1 and SCAR.R1) or 
60 °C (for primers SCAR.F2 and SCAR.R2) or 50。C (for primers SCAR.F1 and 
SCAR.R1) 1 min; and 72 °C for 1 min 30 sec. After the reaction, the products were 
resolved by 2 % TBE agarose gel. 
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Table 6.1. SCAR primers. 
Nucleotide 
Primer Sequence Position of 
SCARAG (bp) 
SCAR.F 5' G T G T G A G C T C G T C A A C C T 116to 133 
SCAR.R 5’ G C C G A A T G G A A G G A G A A G 221 to 239 
SCAR.F 1 5, C A A G T C A A C C T G C A G G G G T T A A G A A 31 to 51 
SCAR.R1 5，CCCTTTTATTTGAACTATCTTTCTCTCTC 352 to 380 
SCAR.F2 5, T T C G C C A C C C G G A G C A G C A T T G lto22 
SCAR.R2 5' T T C G C C A C A A T A A C T A T G T G A T G G A A C 393 to 419 
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6.2.3 Cloning and sequencing 
The S C A R fragment was excised from the gel and purified using BIO 101 
G E N E C L E A N kit or Microspin™ SR-300 Columns as described in Section 2.3. The 3’ 
hydroxyl termini modification was performed as in Section 2.4. 
Twenty five ng ofthe modified SCAR D N A was ligated to 100 ngXma 1/ BAP 
pUC 18 vector. Transformation, screening of recombinants and plasmid preparation 
were carried out according to the methods in Section 2.6 and 2.8. Sequencing of the 
clones was carried out using Cycle Sequencing Kit (Pharmacia) according to the 
manufacturer's instructions as showed in Section 2.9.2. Electrophoresis was performed 
on a 6% denaturing polyacrylamide gel (50 cm long, 0.4 m m thick, acrylamide/ 
bisacrlyamide 19:1 and in 7 M urea). The samples were heated for 5 min at 90 °C before 
loading. The gel was run at a constant temperature of 55 °C, dried and autoradiographed 
with a Biomax M R film for 2 to 3 days. 
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6.3 Results 
R A P D fingerprints of samples of P. ginseng and P. quinquefolius amplified from 
OPC20 primer were showed in Figure 6.1. The polymorphic band of American ginseng 
(RAPDAG), indicated by an arrow, was subsequently cloned and sequenced (Figure 6.2). 
No match to R A P D A G is found among the entries of the GeneBank. Two 
oligonucleotides SCAR.F2 and SCAR.R2 (Table 6.1) corresponding to positions 1 to 22 
and 393 to 419 bp ofRAPDAG sequence, were used to amplify D N A from eight samples 
of P. ginseng and five samples of P. quinquefolius (Figure 6.3). A single PCR product 
was generated in all the 13 samples. The SCAR band in the five P. quinquefolius 
samples are identical in size of 419 bp (Figure 6.3), which is the same to the original 
R A P D A G marker. The SCAR band in the eight P. ginseng samples is identical and is 
about 390 bp, 25 to 30 bp shorter than that from R quinquefolius samples (Figure 6.3). 
Similar result was obtained using SCAR.F1 and SCAR.R1 (Table 6.1). A PCR 
fragment at the expected size of 350 bp was generated for R quinquefolius samples 
(Figure 6.4); while a fragment 25 to 30 bp shorter was found in P. ginseng samples 
(Figure 6.4). D N A sequencing and sequence alignment of the SCAR fragments from R 
ginseng and P. quinquefolius indicate that the fragment length difference was due to a 25 
bp insertion in P. quinquefolius, or a 25 bp deletion in P. ginseng (Figure 6.5). 
The usefulness of primers SCAR.F1 and SCAR.R1 for the authentication of 
Panax species were further tested. This pair of primer were used to amplify the D N A 
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fragments from other Panax species as well as from their adulterants (Figure 6.6); and the 
result clearly demonstrated that it can generate distinctive bands among all the six Panax 
species, including P. ginseng, P. quinquefolius, P. japonica, P. japonica major, P. 
trifolius and P. notoginseng and these bands are different from that of the two adulterants 
Mirabilis jalapa L. and Phytolacca acinosa Roxb. 
A pair of shorter primers, SCAR.F and SCAR.R (Table 6.1), produced a multi-
banding fingerprint pattern between two Panax species (Figure 6.7). The expected PCR 
fragment (120 bp) was amplified by these primers, as indicated by arrow. In addition, 
polymorphic bands were observed at the regions of around 700 bp to 900 bp. The 
fragments were purified from P. ginseng ofLiaolin province Xingbing county (D) and P. 
quinquefolius ofBritish Columbia (BC) and Ontario (OG) for sequencing (Figure 6.8). 
The D N A sequence analysis demonstrated that the fragment is 914 bp long in D; 855 bp 
long in B C and 797 bp long in OG. The fragment length polymorphism was caused by 
various number of a 57 bp minisatellite. P. ginseng from D contains 4 repeats, P. 
quinquefolius from BC and O G contain 3 and 2 repeats repectively. Otherwise, the 
D N A sequence ofBC and O G are identical and 98 % similar to that ofD (Figure 6.8). 
The complete SCAR sequences from P. ginseng and P. quinquefolius were subjected to 
GeneBank. It is found that these sequences consisted of minisatellite region shows 89% 
homology to tobacco chloroplast D N A . The sequence of sense strand is between ORF 
350 and ars\ and near ORF 350. The sequence of antisense strand is between the 
tobacco chloroplast D N A replication origin (or/B) and gene trnN-GUU. 
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P ginseng P. quinquefolius 
——I I 
M 1 2 3 4 5 6 7 M 
^ ^ ^ r n [ H 9 H 
^ ^ B ^ ^ S s o o b p 
^^^^^^^^^^^^^^^^^M • 
I 
Figure 6.1. R A P D analysis of P. ginseng and P. quinquefolius using OPC20 primer. 
Lane 1 through 4 of P. ginseng from Jilin province Ji'an county, Liaolin 
province Xingbing county, Kangwon and Kimpo respectively. Lane 5 to 7 is 
P. quinquefolius from British Columbia, Canada and America, respectively. 
M is the 100 base pair marker (Pharmacia) and the arrow indicates the 
polymorphic band (RAPDAG), which was consequently cloned and 
sequenced (Figure 6.2) from R quinquefolius and used for S C A R study. 
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( S C A R . F 2 ) 1 0 20 3 0 ( S C A R . F 1 ) 4 0 50 60 
5 ' TTCGCCACCC_GGAGCAGCAT_ T G A G A T C C G C C A A G T C A A C T G C A G G G G T T A A G A A G C C C T T 
70 80 90 100 1 1 0 ( S C A R . F ) 1 2 0 
A A A A A T C C A G T G A A G T T T C C T T G G T C T G C T T C A T T G C T T C T C A A T T C G A T C A T C G G T G T G 
130 140 150 160 170 180 
A G C T C G T C A A C C T T T T G T C A G T C A A A G T C C T C A C C C A C T C C T G C C C A T T G A A A A T T C C A C 
190 200 210 2 2 0 ( S C A R . R ) 2 3 0 240 
C T T C C C C G C C C A T T G A A A A T T T T G C C A A C T T A T T T A A T A C A C T T C T C C T T C C A T T C G G C T 
250 260 270 280 290 300 
A T A A A G G C A G C T A A G C A T A A G G A T C A A A T A C A C C A G C A A C A A T A C G T A C T C C C A T C C T A G 
310 320 330 340 3 5 0 ( S C A R . R l ) 3 6 0 
A G A G G A A A A G A G A A A G G G A G A G A A A A G C T T T T G T A A A G C T T T A G A A A A A T A G A G A G A G A A 
370 380 390 400 410 (SCAR.R2) 
A G A T A G T T C A A A T A A A A G G G T G T T T T A T T T GGp_;^-T-C_CAT_ClA<^^WT_lMJ£??????^3' 
Figure 6.2. Sequence ofRAPDAG from P. quinquefolius. Total length of the fragment 
is 419 bp. Sequences of the OPC20 R A P D primer are indicated in bold. 
Internal PCR primers (SCAR.F and SCAR.R or SCAR.F1 and 
SCAR.R1) are underlined. The sequences ofSCAR.F2 and SCAR.R2, 
which include R A P D OPC20, are indicated by dash. 
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M 1 2 3 4 5 6 7 8 9 10 11 12 13 M 
' ^ H 
^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ 800 bp 
! • -
Figure 6.3. S C A R analysis using primers SCAR.F2 and SCAR.R2. Lanes 1 to 8 is R 
ginseng from Jilin province Ji'an county, Liaolin province Xingbing 
county, Kangwon, Pochon，Kanghwa, Kumsan, Kimpo and Xinkiahe 
respectively. Lane 9 to 12 is P. quinquefolius from British Columbia, 
Ontario, Wisconsin and a farm in America, respectively. M is the 100 base 
pair marker (Pharmcia). 
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M 1 2 3 4 5 6 7 8 9 10 11 12 M 
^^^^^^^K 
^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ K ^ 600 bp 
w^^^^^^m 
^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ | m ^ ^ ^ ^ B 400 bp 
m^m 
Figure 6.4. SCAR analysis using internal primers SCAR.F1 and SCAR.R1. Lanes 1 to 8 
is R ginseng from Jilin province Ji'an county, Liaolin province Xingbing 
county, Kangwon, Pochon, Kanghwa, Kumsan, Kimpo and Xinkiahe 
respectively. Lane 9 to 12 is P. quinquefolius from British Columbia, 
Ontario, Wisconsin and a farm in America, respectively. M is the 100 base 
pair marker (GIBCO). 
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10 20 30 40 50 
R A P D A G 1 C A A G T C A A C T G C A G G G G T T A A G A A G C C C T T A A A A A T C C A G T G A A G T T T C C 50 
^ Q 1 女女女女• • •女• • •k女女•女•去女女女 女•女女女•女女• -k 女女女女•女• -k • • •女女• • • •女• • 5 0 
OQ 1 •••••••••• •^••••••••女•^••••••••女••••_••••• • • • • • • • • • • 50 
D 1 •••••••••• ••••••••••- •••••••••• ^• ^ • • ^ • ^ • Vf •••••••••• 50 
pj 1 • • • • • • • • • • •••^••••••女••••••••••^  • • • • • • • • • • •••••。•••• 50 
60 70 80 90 100 
RA P D A G 51 T T G G T C T G C T T C A T T G C T T C T C A A T T C G A T C A T C G G T G T G A G C T C G T C A A 100 
^ Q 5 1 • • • & • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • ^ • • • • 女 1 0 0 
Q Q 51 •••；^义女女女女女女•*••*••••• • • • • • * • • • • • • • • • • • • • • • • • • * • • • • • 100 
D 51 • • • & • • • • • • • • • • • & • • • • ^ * ^  ^  ^  ^  ^ ^QVc * i< ^  * ^  ^  • ^  • ^  ^ • • ^  • • :Ar ^  ^  ^  100 
H 5 1 • • • & • • • • • • • • • ^ • • & • • • • ； ！ ^ • • • • • • • • • • • • • • • • • • • • • • • ^ ^ • • • • • 女 1 0 0 
110 120 130 140 150 
RA P D A G 101 C C T T T T G T C A G T C A A A G T C C T C A C C C A C T C C T G C C C A T T G A A A A T T C C A C 150 
^Q 101 •••••••••• •••••••••• •••••••••• •••••••••• •••••••••• 250 
Q Q 101 * ^  ^  ^  ^  ^  ^  ^  * ^  +-k^ i<:i^ ici<^ -^k ^^女女女女女女女女女•••••••••• •••••••••St 150 
D 101 * * * * * * * * T * * * * * * * * * * * *******")fcr** * c * * A * * * * * *•*•** 150 
H 101 ^^^^^*^^fp^ sif• ^ ^ ^ • ^ ^ ^ ^ • • • * * • • * • • ^ C ^ ^ A ^ ^ ^ * ^ • * • • • • 150 
160 170 180 190 200 
RA P D A G 151 CTTCCCCGCC CATTGAAAAT T T T G C C A A C T T - A T T T A A T A C A C T T C T C C T 200 
WG 151 • • • • • • • • • • • • • • * • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 200 
QQ 151 ••••••^•^•••女•••••••••• •••••••••• •。•••••••• •••••••••• 200 
D 151 _• * * • • • * • * *(^******** • • • • • • • • • • 2 00 
pi 151 _* * * * * * * * * * C * * * * * * * * ***")t****** 2 00 
210 220 230 240 250 
RA P D A G 201 T C C A T T C G G C T A T A A A G G C A G C T A A G C A T A A G G A T C A A A T A C A C C A G C A A 250 
^ Q 2 Q 1 女女• •女女-k女女女 女• •女女女女• •女 -k •女卡女女女女女-k 女女女女女• •k • • • •女•女女女• •女女 2 5 0 
Q Q 201 • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • ••••••••••*• • • • • • • • • • • 250 
D 201 *•••*•••••••^ • • • • • • • • • • ^ic^^^^• ^ • ^  • • • • • • • • • • •••*•••••••• 250 
H 201 •*•••*••*•••^ • • • • • • • • • • • • • • * • • • • • ^ ^ • st*^• ^ ^^ •^•••••••女女 250 
260 270 280 290 300 
RAP D A G 251 C A A T A C G T A C T C C C A T C C T A G A G A G G A A A A G A G A A A G G G A G A G A A A A G C T 300 
WG 251 * * • • • • • • • * ********(2* • • • • • • • • • • * • • * • _ • • • • • • • • • • • • • • 300 
OG 251 ••*•*••••• *• -kvr• • -k-kQ^ •••••••••• •^•••-•^•：^ ^ ^ ^ • ^ • Tt^• ^  300 
D 251 * * • • • • & • • • ••••••••〇• • • • • • • • • • • ••^•••••••女•••••••••• 300 
H 2 5 1 • • • * • * • • • • ^ • • -k• ^ ^ ^ Q ^ ••••••*•••？^“女女••^^ •*•••••••女•••••••*•*•• 3 0 0 
150 
310 320 330 340 350 
R A P D A G 3 0 1 T T T G T A A A G C T T T A G A A A A A TAGAGAGAGA A A G A T A G T T C A A A T A A A A - G 350 
W G 3 0 1 • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • & • 350 
QQ 3 0 1 •••••••••• •••••••••^女•••••••••)"<•• •••••••••• ••••••••&• 3 5 0 
D 3 0 1 •••••^^••••女•••••*•*•• • • • • • • • • • • •^••••••••女••••••••。• 3 5 0 
H 3 0 1 • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •••••••••？^女••••••••〇• 350 
360 370 380 390 400 
R A P D A G 351 G 400 
W G 351 ； 400 
〇G 351 * 400 
D 3 5 1 400 
H 351 400 
Figure 6.5. Sequence alignment of SCAR fragments generated using primers SCAR.F1 
and SCAR.R1. R A P D A G is the original R A P G fragment cloned from P. 
quinquefolius (Figure 6.2). W G is P. quinquefolius from Wisconsin, OG, 
Ontario. D and H are P. ginseng from Liaolin province Xingbing county 
and Kangwon respectively. The 25 nucleotides insertion in P. quinquefolius 
is indicated in bold. Space is represented by dash. The primer sequences are 
underlined. 
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M 1 2 3 4 5 6 7 8 9 10 M 
Q m n u m m n Q n 
^ ^ ^ ^ ^ ^ ^ ^ m ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ | 800 bp 
^Km^^^M 
B H 
Figure 6.6. SCAR analysis using primer SCAR.F1 and SCAR.R1. Lanes 1 and 2 is P. 
ginseng from Jilin province Ji'an county and Kimpo. Lanes 3 and 4 is P. 
quinquefolius from Ontario and Wisconsin. Lane 5 is P. japonica. Lane 6 is 
P. japonica major. Lane 7 is P. trifolius. Lane 8 is P. notoginseng. Lane 9 
and 10 are adulterants Mirahilis jalapa L. and Phytolacca acinosa Roxb 
respectively. M is the 100 base pair marker (Pharmacia). 
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M 1 2 3 4 5 6 7 8 9 10 11 12 13 M 
^ ^ ^ ^ ^ ^ ^ H ^ H H ^ ^ ^ ^ ^ ^ ^ ^ H 900 bp 
^ ^ ^ ^ H l ^ ^ ^ ^ B B ^ ^ ^ ^ B 9 800bp 
^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ 3 | | ^ ^ B H H 700 
^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ M 200 bp 
^^^^^^^^^^^^^^^^^^^^^^Ml^hp 
Figure 6.7. SCAR analysis using internal primers SCAR.F and SCAR.R. Lanes 1 to 8 is 
P. ginseng from Jilin province Ji'an county, Liaolin province Xingbing 
county, Kangwon, Pochon, Kanghwa, Kumsan, Kimpo and Xinkiahe 
respectively. Lane 9 to 13 is P. quinquefolius from Wisconsin, a farm in 
America, Canada, British Columbia and Ontario, respectively. M is the 100-
bp markerer (Pharmacia). Arrow indicats the expected fragment with size of 
120 bp. 
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10 20 30 40 50 
D 1 GCCGAATGGA AGGAGAAGAA GGAACCGAGA AGAAGGTATC AGCAA.CAACA 50 
gG 1 * • • * 女• * * •k •k • • •k • •k * •k •k • * •女• * •k 女•k • * • • • * •k 女女•女• * •k •k * •k * • • * • * 5 Q 
QQ 1 •••••••••• •••••••••• *•* *•*••* * ••••••*••• •••••••••• 5 0 
60 70 80 90 100 
D 51 GGTTTTATTA CGGGACAGCT CATGATGTTC ATATCGATCT ATTATGCGCC 100 
BC 51 * * * * ^  * * • * * •k~k~k~k~k~k~k~ki<~k *it*****St** ********** **it**T*:**TT 100 
QQ 51 •••••*••••••*: • * * ^  it • • * • • •*••*•••••••*• • • • • • * * * * • * * • * * * **rjiiji 100 
110 120 130 140 150 
D 101 TCTGCATCTA GCATTGGGTA GACCTCATAC AATAACTGTA CTAGCTCTAC 150 
BC 101 * * * * * * * * * * * * * * * * * * * * * * * * * * * C * * * * * * * * * * * * * • * * * Q * * • * 150 
〇G 1〇1 •*•••••*** •••••*•••• ••**•*•••• •••••*•••• *•***Q**** 15〇 
160 170 180 190 200 
D 151 CGTATCTTTT GTTTCATTTC TTCTGGAATA ATCACAAAAA CTTTTTTGAT 200 
BC 151 ********** ********** *•••*•**** *••***•*Tt* ********** 200 
〇G 151 ********** ****^T^*^** **•*••***• ********** ********** 200 
210 220 230 240 250 
D 201 TATGGATCTA CTACCAGAAA TCCAATGCGT AATCTTAGCA TTCAATGCGT 250 
BC 201 ********** ********** *T******** ********** ********** 250 
〇G 201 *********^ • *:tit• ***:^ * *^*• • • • ^ • * *• ***• it• *^ ****• ***** 250 
260 270 280 290 300 
D 251 ATTCCTGAAT AATCTCATTT TTCAATTATT CAACCATTTC ATTTTACCAA 300 
BC 251 *•••••••*•*• ********** **• ***• • • * ••*•••*•••• ***• ***it• * 300 
〇G 251 ********** ***Tk-****• • • *it******• ********** ***Tt*^ ***Tt 300 
310 320 330 340 350 
D 301 GTTCAATGTT AGCCAGATTA GTCAGCATTT ATATGTTTCG ATGCAACAAC 350 
BC 301 *****• ***** ****• • • • ** •••••••••• • ***it***• Tt ****• *skr*** 350 
〇G 301 ******^*** • • • *it***** ****A***** *******• ** • *• *• ***• * 350 
360 370 380 390 400 
D 351 AAGATGTTAT TTGTAACAAG CAGTTTTGTT GGTTGGTTAA TTGGTCACAT 400 
BC 351 ********-^* • • • *• • • *** ***• **• • *• *****it*• • * • • ******** 4〇〇 
〇G 351 *******• *** **• *Tt• **** ****Tkr***it* ****• -k• *• • ******•**• 4 00 
154 
410 420 430 440 450 
D 401 TTTATTCATG AAATGGGTTG GATTGGTATT AGTCTGGATA CGGCAAAATC 450 
BC 4 01 *******^** *• ikr• *• *• *• ****st^^• itiJf i(• ***• *st• * •**•*•**•*•*•*•* 450 
〇G 4 01 * * * * * •k * * •k • •k • •k * •k •k •k •k •k * •k •k * •k * 女-k • • * * • * * * •k •k * •k •k •k * * * •k ^  •k 女 * • 4 5 0 
460 470 480 490 500 
D 451 ATTCTATTAG ATCGAGTAAG TACATTCGAT CTAATAAGTA CCTTGTGTCA 500 
BC 451 ***^**^*** ********** ^*****• **• • **• **：*：*:*r* *• **• ***** 500 
〇G 451 ********** ********** ***^***Tt^* ********** ********** 500 
510 520 530 540 550 
D 501 GAATTGATAA ATTCTATGGC TCGAATCTTT AGTATTCTCT TATTTATTAC 550 
BC 501 ********** ****it***** ***Tk****** **• • *• • *** *• *Tt***Ttr• * 550 
〇G 501 ***•*•**** • *^*• ****• ••*•*：****** _***^^*^** *****• *it** 550 
560 570 580 590 600 
D 551 CTGTGTCTAC TATTTAGGCA GAATACCGTC ACCCATTATT ACTAAGAAAC 600 
BC 551 ******Q*** **• ******• *******• ：*• * **:*r• • *• *** *****• **** 500 
〇G 551 ******Q^• * *• it*• **• • * *****• ***• *****• **• * *• ****• **• 600 
610 620 630 640 650 
D 601 TGAAGAAGAA ACCCCAACAA CGGAAGAAAG GGGGGAAAGT GAGGAAGAAA 650 
BC 601 **** **** ********** ************ *********C ********** 65〇 
OG goi •••• •••• •••••••••• ••••*••••• ••••••*••• *******it• * 550 
660 670 680 690 700 
D 651 CAGATGTAGA R A T m m A C C CCMCAGCGG-AAGAAAGGGG GGAAAGTGAG 700 
BC 651 •••••••••*• • ^ ******* •k • it**• *j：^*• • *****st• • *• •••••••••• 700 
〇G 651 ********** ******• ** •k ^^-k***^it• • *****ik-it• ^ • ********** 7 00 
710 720 730 740 750 
D 701 GAAGAftACAG ATGTAGAAAT AGAAAC CCCA ACAACGGAAG AA^GGGGGGA 750 
BC 7〇1 •••••••••• +i<^ ^^ -k-kicic+ •••••• •••• ^ ^  ^  ^  ^  ^  ^  st ^  vc •••••••••• 750 
〇G 7 01 •••••••••• •**••**••• ^ ^  • ^  ^  ^  750 
760 770 780 790 800 
D 751 AAGTGAGGAA' GAAACAGATG T A G A M m G A iUVC G<::C_&:mqG、$^a<5^_ 800 
BC 751 ^^^^^^**^^ ^• ^ ^^^^^^• • • ^vr^ :Jk-• • • • v^c^  800 
OG 751 800 
810 820 830 840 850 
D 801 GGGGGGAAAG TGAGGAAGAA ,ACAGATGTAG MATAGAi^lC AGCTTCCGAA 850 
Bc 801 ********** 850 
OG 801 ********** 850 
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860 870 880 890 900 
D 851 ACGAAGGGGG CTAAACAGGA ACAAGAGGGA TCCACCGAAG AAGATCCTTC 900 
BC 851 ********** ********** "j^T******** ********** ********** 900 
〇G 851 •••••••••• •••••••••• ^fp*^-k^• ^ • ^  •••••••••• ic^^^ic^^-k^^ 900 
910 920 930 940 950 
D 901 TCCTTCCATT CGGC 950 
BC 901 ********** **** 950 
〇G 901 ********** **** 95Q 
Figure 6.8. Sequence alignment of SCAR fragments generated using primers SCAR.F 
and SCAR.R. D is P. ginseng from Liaolin province Xingbing county. B C 
and O G are P. quinquefolius from British Columbia and Ontario 
respectively. The 57 nucleotides minisatellite repeats are shaded. D, B C and 
O G contain 4，3 and 2 copies of the minisatellite in tandem respectively. 
Space is represented by dash. The primer sequences are underlined. 
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6.4 Discussion 
The R A P D technique has been adopted widely in characterization ofDNA of 
plants and other organisms (William et al., 1990). The technique has numerous 
advantages. It is rapid and simple. It does not use radioactive material and can be readily 
scaled up to analyze large numbers of samples. However, because of the non-stringent 
amplification conditions used, the amplified markers or patterns often vary between 
different D N A preparations; and it usually does not allow to detect a single locus 
(William et aL, 1991; Williamson et al., 1994; Yang and Korban, 1996; Mohan et al, 
1997). Also, R A P D marker is usually dominant, and therefore is not appropriate for 
differentiating heterozygotes from either homozygotes (Ohmori et al, 1996). 
To circumvent these problems, R A P D markers are converted into more reliable 
SCAR markers. SCAR has several advantages over R A P D markers. As the annealing 
conditions are more stringent for SCAR than for RAPD, only one locus was amplified by 
SCAR primers. Also, the use oflonger oligonucleotide primers for SCAR secures a 
robust and reliable result (Paran and Michelmore, 1993). SCAR can also be converted 
into co-dominant markers, which are useful for genetic studies in differentiating 
heterozygotes from homozygotes (Ohmori et al., 1996). 
In this study, RAPD fingerprints were first generated from P. ginseng and P. 
quinquefolius. One of the resultant polymorphic bands was sequenced and specific 
primers corresponding to its sequence were designed for amplification of the specific 
157 
D N A fragment. Longer primers, e.g. SCAR.F1 and SCAR.R1 (24 or 29 bp), generated a 
single distinctive band for all the Panax species and adulterants tested. This study is the 
first to use S C A R for authentication of Chinese medicinal materials. This work shows 
that S C A R is applicable to authenticate ginseng and American ginseng from their related 
Panax species and adulterants. When the primers used was short, as in the case of 
SCAR.F and SCAR.R (18 bp), multiple bands are appeared (Figure 6.7) even under a 





7.1 Molecular authentication of Chinese medicinal materials 
There are several obstacles for the application of molecular techniques to 
authenticate Chinese medicinal materials (CMM). First, the D N A quality may directly 
affect the accuracy and reproducibility of the D N A profile. Since most C M M are dried 
or processed, the D N A is usually degraded. Second, the existence of secondary 
metabolites in some samples may hinder the extraction ofDNA. New method for D N A 
extraction may need for a particular species. The lack of a universial D N A extraction 
method would slow down the authentication process. Third, an understanding of the 
genetics of a particular species may be needed to predict intraspecific variation. Usually, 
non-targeted PCR-based markers such as random-primed PCR, SSR, DALP and AFLP 
may be applicable to samples with high quality D N A . The conversion of these markers 
to PCR-based diagnostic markers by high stringency PCR such as R A P D to SCAR, 
DALP to STS, and AFLP to STS or D A M D can reduce the variation due to impurity in 
the D N A or polymorphism between individuals. Also, with the advent of computation, 
enzyme-linked immunosorbent assay (ELISA) may be used to assist handling of large-
scale samples and increase the speed of analysis. For instance, using ELISA to detect 
SCAR markers. In this way, electrophoresis may be avoided and the detection ofPCR 
product can be carried out by either using ethidium bromide for single amplified product 
under ultra-violet light or using colorimetric detection ofPCR products with digoxigenin 
(DIG). The principle of the approach is illustrated in Figure 7.1. The biotinylated probes 
are hybridized specifically to the digoxigenin (DIG) labeled PCR products and then 
immobilized in a 96 well-plate coated with streptavidin. After several washing, a 
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monoclonal antibody to the digoxigenin conjugated to an enzyme capable of generating a 
colored product are added to detect the hybrid D N A . An automated equipment used for 
ELISA may be used to detect the specific PCR product and to determine the amount. 
This has the advantage of allowing the direct adoption of the available technology (both 
hardware and software) for the capture, analysis and storage ofELISA data (Henry, 
1997). 
7.1 Development of molecular markers for Ginseng 
At present, we have successfully used random primed PCR and PCR-RFLP 
(Shaw and But, 1995; Ngan, 1999) and the methods used in this thesis to differentiate 
Panax species. Further exploration is to find markers related to locality-based efficacy 
because it is well accepted that Chinese medicinal materials cultivated in different 
localities show different efficacy. This may be due to the effect of environmental factors 
that result in the variation in gene expression or even the change ofDNA sequence. For 
instance, Baizhou {Atractylodes macrocephald) grown in Jiangning in Jiangshu province 
is more effective than that in Zhejiang and Jiangxi provinces for treatment ofheadache, 
dizziness, pain in the hypochondria, and abdominal pain (Zhang et al, 1999). 
Discrimination of medicinal materials with locality-based efficacy has been heavily based 
on experiences and D N A markers can act as an objective alternative and to reveal 
possible genetic variation of medicinal materials. Since the locality-based differences 
usually belong to intra-speciflc differences, choice of suitable D N A markers must be 
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cautious. A successful case in locality authentication of Codonopsis pilosula by R A P D 
markers (Zhang et al, 1999) has been reported which means that the use of molecular 
techniques are feasible. 
Apart from using the molecular markers for authentication, it can also act as 
marker aided selection (MAS) and use in plant breeding application to select a better 
breeding characters. As we known, pest diseases are the main problem in affecting 
annual ginseng cultivation due to monocultivation. Ginseng are susceptible to pathogens 
such as fungi Alternaria panax that causes leaf spot, Phytophthora cactorum that attacks 
stems and roots, Rhizoctonia solani that attacks the bottom areas of the stem, Ramularia 
spp that causes rotten root and Fusarium spp that attacks young seedlings. The present 
solution for disease control is to wash out the surface contaminants and transplantation, 
seed disinfection by potassium permanganate or tetramethylthiuram disulfide and by 
pesticide. These approaches are labor intensive and harmful to consumer if excessive 
amount ofpesticide and fungicide residues are remained. IfDNA fingerprint technology 
can assist to find markers related to pathogen resistance, a quick plus/ minus assay can be 
developed to enable breeders to identify individuals are resistant or susceptible to insect 
pests. Also, one can find the molecular marker linked to genes affecting the long 
dormancy period in ginseng seed germination. This may directly decrease the production 
period of ginseng or replace the use of plant hormone, gibberellic acid to reduce the 
dormancy. 
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1. PCR and labeling 2. Denaturation and hybridization 
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Plate wall Plate wall 
Figure 7.1 Schematic representation of colorimetric detection of PCR products with 
digoxigenin (DIG) by ELSIA in a microtitre plate format. There are four 
steps in the assay. 1. PCR and labeling: PCR products are labeled with 
digoxigenin (DIG). 2. Denaturation and hybridization: DIG labeled PCR 
products are hybridized with biotinylated probe containing specific 
sequence. 3. Capture and washing: the DIG-PCR-probe complex is 
immobilized on a plate wall coated with streptravidin. 4. Detection and 





A list of potent herbs controlled in China (C) and Taiwan (T). 
1. rootstock of Aconitum carmichaeli (C,T) 
2. rootstock of Aconitum kusnezoffii (C,T) 
3. lateral root of Aconitum carmichaeli (C) 
4. root-tuber ofAconitum brachypodum (C) 
5. root of Aconitum coreanum (T) 
6. root of Euphorbia ehracteolata and E. flscheriana (C,T) 
7. root of Knoxia valerianoides (T) 
8. root of Phytolacca acinosa and P. americana (T) 
9. tuber of Arisaema erubescens,A. heterophyllum andJ. amurense (C,T) 
10. tuber of Euphorbia kansui (C,T) 
11. tuber of Pinellia ternata (C) 
12. tuber of Typhonium giganteum (C) 
13. stem bark and root bark of Melia azedarach and M. toosendan (T) 
14. resin of Garcinia morella (C) 
15. resin of Phus vermciflua (T) 
16. flower of Datura metel (T) 
17. flower bud of Rhododendron molle (C) 
18. flower bud of Daphne genkwa (T) 
19. fruit of Croton tiglium (C,T) 
20. seed of Euphorbia lathyris (C,T) 
21. seed of Hyoscyamus niger (C,T) 
22. seed of Impatiens balsamina (T) 
23. seed of Pharbitis nil and P. purpurea (T) 
24. seed of Ricinus communis (T) 
25. seed of Strychnospierriana and S. nux-vomica (C,T) 
26. body of Buthus martensii (T) 
27. body of Hirudo nipponica, Whitmaniapigra and W. acranulata (T) 
28. body of Huechys sanguinea and H. philaemata (C) 
29. body of Lytta caraganae (C) 
30. body of Mylahrisphalerata and M cichorii (C,T) 
31. body of Scolopendra subspinipes mutilans (T) 
32. body of Tabanus bivittatus (T) 
33. secretion of Bufobufo gargarizans and B. melanostictus (C,T) 
34. skin slough of Elaphe carinata, E. taeniura and Zaocys dhumnades (T) 
35. arsenic (C) 
36. arsenolite (C,T) 
37. calomel (C,T) 
38. chalcanthite (T) 
39. crystal formed with mercurous chloride and mercuric chloride (C) 
40. mercuric oxide and processed mixture of mercury, niter and alunite (C) 
41. mercury (C) 
42. realgar (C,T) 
43. sal-ammoniac (T) 
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Figure A.1 pUC18/19 vector and multiple cloning site sequence. 
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